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' The Hall-Scott A-5 Airplane Engine 


SIX CYLINDERS 125 HORSE POWER 


Hall-Scott “Big Six” Airplane Engines are to be found in active service in every part 
of the world today. 


Since the declaration of war in 1914, hundreds of these engines have been built for 
numerous foreign governments—the largest order being 300 for Russia. 


The exclusive Hall-Scott feature of interchangeability of parts is standard in this A-5 
Equipment. The cylinder assembly is interchangeable with the parts of the Hall- 
Scott 4, 8 and 12 cylinder engines. Recent development in airplane engines has 
fully demonstrated the practicability of this construction. 

While the Hall-Scott Motor Car Company is devoting its entire energies to the con- 
struction of airplane engines of U. S. Government orders, a few of these Type A-5 


engines are available for immediate delivery. 


Descriptive catalog on request. 
Hall-Scott Motor Car Company 
CROCKER BUILDING, SAN FRANCISCO, CALIFORNIA 


Eastern Representative 


F. P. WuiraKer, 165 Broadway, New York City 
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CONTRACTORS TO | 


The United States Army and Navy 
The British Admiralty 


THE BURGESS COMPANY 


MARBLEHEAD, MASS. 


Sole Licensees for the United States for the Dunne Patents 

















141 


AVIATION 


March 1, 1918 











o——— 





*e0uUN}SsIP pus poeds J0J Sp1r0901 [TB SyVeIq 44S STULL ‘“snoy sz0d soyjur PSE Jo 
peeds o3ur10AN ue 4U ‘oulT? Susy [enjoe ‘soynuyul gp PUB sunoOYy G UT SoTyUL LOST Jo 
eoUB SIP B ‘suxOL ‘OjUOJUY UVE 07 “[[, ‘NOJUvY Wosy MOH OUVLdITY “A “AA “T SI4L 














‘L‘W:F-ENGINEERING:-COMPANY: 


COLLEGE POINT, N. Y. 
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ROGERS 
ACCURACY 


HAS BEEN 
THE FOUNDATION 


of - 
ROGERS’ 
SUCCESS 


Manufacturers of 











RIBS. BEAMS, STRUTS, 
COMPLETE WING and 
TAIL ASSEMBLY, 
PONTOONS, 

STICK CONTROLS, 
LANDING GEARS, 
SCREW MACHINE PARTS, 
NUTS, BOLTS, CLEVIS 
PINS and TURNBUCKLES. 


ROGERS 
CONSTRUCTION 
COMPANY 
Aircraft Parts 
THE JOHN M. 
ROGERS WORKS 


Measuring Appliances 





GLOUCESTER CITY 
NEW JERSEY 
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E manufacture the following parts for 
airplanes: 
All standard types of ‘Turnbuckles 
Tie Rods and Clevises 
Thimbles Bolts 
And Clevis Pins 





The Dayton Metal Products Company 


DAYTON, OHIO, U.S. A. 
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LEVETT PISTONS 




















Walker M. Levett Co., 
Dear Sirs: 


. | have had the greatest satisfaction from 
some of your pistons as fitted now by the Daimler 


Co. to their “Tank” engine. ... 
C1POLE WEDMORE, Engineer 


‘ Walker M. Levett Company 


417-21 East 23” St. New York Cit 
The pioneer aluminum alloy piston picdineitiania 
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sill during 1914, 1915, 1916 
and 1917 we have replaced 
cylinders, pistons, piston- 
pins, connecting rods and 
all other parts of motors, 
but we have never replaced 
a part where Non-Gran 
formed the main surface of 
wear.” 
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BEARING BRONZE. 


American Bronze Corporation 


Berwyn Pennsylvania 
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RADIATORS 


Livingston 
Aeronautical 
Radiators 


We manufacture radiators for 
all types of aeroplanes 


Our engineering department 
is at your service 


LIVINGSTON RADIATOR & 
MFG. CO. 


ESTABLISHED 1903 


75th Street and Amsterdam Ave, 
New York City 
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CHEMICAL PRODUCTS 


For Factory and Laboratory 


Du Pont chemicals and chentical products are known Nation- 


wide for their dependability. 


The first essential in chemical manu- 


facture is to understand the uses to which a chemical is to be put. 
The next step is to produce the best possible chemical for the pur- 


pose. 
Line. 





Mark X before subject that 
interests you and MAIL 
this coupon to 
E. I. du Pont de Nemours 
& Co., 
Advertising Division 
Wilmington (Avy) Delaware 





Acetic Ether 
Amy! Acetate 
Aniline Oil 
Bronzing Liquids 
Carpo Paint 
Collodion 


Dimethyaniline 

Dinitrophenol 

Ether, U. 8. P. 1910 and 
Anesth 

Ethyi Acetate 

Flotation Oils 

Iso Amy! Acetate C. P. 

Iso Amyl Alcohol C. P. 

Wood and Metal Lacquers 

Leather Renovators 

Leather Substitute Solutions 

Mantle Dips 

Napthalene 

Nitre Cake 

Nitrobenzol 

Parlodion 

Patent and Split Leather 
Soiutions 

— Aluminum Paint 

Pite 


PONTAR—A Road Making 
Material 

PONTOKLENE --— For 
Cleaning Autos 

PY-RA-LIN Enamels for 
Wood and Metal 

Refined Aceton Oil 

Refined Creosote 

Refined Fuse! Oil 

Salicylic Acid 

Shingle Oil 

Sodium Acetate 

Solvent Naphtha 

Solvent Thinners 

Special Pyroxylin Solutions 

Waterproof Cement 

Wood Preservatives 
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We Aim to Serve 


our customers intelligently by thor- 
oughly understanding their needs. For 
this purpose we maintain a staff of ex- 
perts who are at the disposal of our 
trade, present or prospective, in solving 
any problems connected with the use 
of our materials. 


We Maintain Quality 


by expert supervision, complete laboratory 
control over factory operations, perfection in 
technical skill, the best in raw materials and 
ample factory facilities. 

The amalgamation of Du Pont and Har- 
rison interests enables us to assure maximum 
satisfaction, both in product and service, to 
those manufacturers and other users of chem- 
icals whose requirements are dependability, 
responsibility, and adequate supply. 


We Invite Correspondence 


from manufacturers, engineers and those re- 
quiring chemicals and mixtures for specific 
purposes. Check the coupon and mail it. We 
will be glad to send full information. 


Du Pont Chemical Works 


Equitable Bldg., NEW YORK 


HARRISON WORKS 
Philadelphia, Pa. 


Owned and operated by 


E. I. du Pont de Nemours & Co. 















































On this concrete formula rests the success of the Du Pont 








Mark X before subject that 
interests you and MAIL 
this coupon to 
E. J. du weg bs de Nemours 


Advertising Division 
Wilmington (Av) Delaware 





ACIDS 
Acetic 
Aqua Fortis 
Dipping 


Electrolyte 

Lactic 22% Dark, 22% and 
44% Light 

Lactic, U. 8S. P.—9th De- 
cennial Edition 

Murilatic 

Nitric 

Oil of Vitriol 

Oleum 

Sulphuric 


ALUMS 


Crystal Potash, U. 

Crystal Ammonia, U. og. P. 

Filter (22% AloOs). (For use 
in any make of Mechanical 
Filter) 

Pearl 

Pickle 

Porous 

Sizing—For Paper Makers 

Sulphate of Alumina. (In all 
the commercial grades and 
strengths) 


PIGMENTS 

White Lead (Dry and in Oil) 

Red Lead (84% Pb20i, also 
94% UV. 8. Government 
Standard) 

Litharge 

Barium Chloride 

Biane Fixe 

Hydrate of Alumina 

Flake White 

Lithopone (Beckton White) 

Rubber Makers White, Chem- 
ical Dry and Pulp Colors 


MISCELLANEOUS 
CHEMICALS 


Barium Nitrate 
Bichromate of Soda 
Distilled Water 
Nitrate of Soda 

Salt Cake 

Strontium Nitrate 
Strontium Carbonate 
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COMPLETE 


Engineering and Construction 


LONDON 








SERVICE 


This Corporation offers an exceptionally 
complete and comprehensive service in the 
designing, engineering and construction of 
manufacturing and industrial plants. 


Our Organization is composed of experts 
of broad experience in industrial development 
work throughout the entire world. Our Con- 
struction Department is at present engaged on 
the construction of the Langley field and other 
aviation fields for the United States Govern- 
ment, and we are in position to offer clients a 
prompt and efficient service in the execution 
of any type of work involved in the engineer- 
ing and construction of aviation fields or air- 
plane factories. 


We are also prepared to make expert inves- 
tigations and reports on going factories, with 
recommendations concerning possible im- 
provements or extensions to increase operat- 
ing efficiency. 


We solicit inquiries on engineering or con- 
struction problems. 


43 Exchange Place, New York 


THE J. G. WHITE ENGINEERING CORPORATION 


CHICAGO 
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NEW 
ENDURANCE RECORD 


Mal 


QUAL 


Established by 


Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory, 
Navy Yard, Washing- 
ton, D.C. 











Best previous record ex- 
ceeded by fifty per cent. 


PAV 





UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND - - - CALIFORNIA 
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ZEPPO ENGINES 
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BOYCE 





The MOTO-METER COMPANY, Inc. 


LONG ISLAND CITY, NEW YORK 


Creators of motor heat indicators 


Excluswe Licensee of the Boyce Fundamental Patents 


, 1918 AVIATION 


(GUARD AGAINST A COLD MOTOR 
AS WELL AS A HOT ONE 


A Lesson from ita Enemy 


The BOYCE MOTO-METER is the only moto- 
meter that registers as low as freezing. 
Remember this exclusive feature —it is very important. 


Any aviator will tell you the danger of a frozen radia- 
elar litem im@orelcemitacsemogit(uemeeilemaculicoe Cele 
as freezing are only 50% efficient. 


You should insist upon an instrument reading from 
boiling to freezing. It’s important to know exact 
motor temperature when you are flying in zero 
weather twenty thousand feet in the air—it sure is 
cold up there. 
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CRANKSHAFT 
QUALITY 


Stands out as the one 
requirement today of 


the builder of 


AIRCRAFT and | | 
HIGH DUTY ee SF 
ENGINES Bee B® 
Experience only can eae z go> 
produce a product to Pee ee 
equal these demands. Eo = 38 














E have the 

most complete 

equipment in 
America for the manu- 
facture of parts for 
J N 4 types of air- 
planes. 













for three years we have 
made parts for the larg 
est airplane builders om 
the Western Continent. 










Wyman-Gordon ste FORGING 
C f POLISHING 
ompany for many POLISHIN 





years, in their Re- 
search, as well as 
their Manufacturing 
Departments, have 
been . developing 
along the lines that 
make them today 
able, without experi- 
ment, to supply . 
crankshafts of 


UNQUESTIONED ye 
RELIABILITY i > 


Every stage in the 
production of a Wy- 
man-Gordon crank- 
shaft is subjected to 
rigid inspection and 
tests guaranteeing a 
high metallurgical 
quality. 


Send us your blue printe 


Careful attention to 
all orders; deliveries 
without delay 


pager oo seggimreongiaeeal | om ene RI co ‘i 
WORCESTER, MASS. 
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An Announcement of Interest to Aviators 








NEW SPERRY INSTRUMENTS 


Air Speed Indicator— 
Records Air Speed and True Buoyancy 


Altimeter— 
Records Altitude from the Earth 


Rate of Climb Indicator— 


Records Rate of Ascent or Descent 








Every aviator needs them—Are they on your Machine? 








THE SPERRY GYROSCOPE COMPANY 
Manhattan Bridge Plaza 
Brooklyn, N. Y. 


London 
15 Victoria Street, S.W. 


Paris 
126 Rue de Provence 
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Location of Seaplane Floats 
By R. N. Wing, ME. 


Curtiss Aeroplane and Motor Corporation 


Airplane design has reached the stage where it is essential 
to eliminate all unnecessary shop work, and practically all 
parts can now be properly located before the construction of a 
machine is begun. A method for determining the correct loca- 
tion of the main floats on a seaplane is herewith explained. 

A seaplane is practically a land machine so altered that it 


main float. The procedure may be divided into five steps as 
follows: 

1. Determination of the weight and center of gravity of the 
machine with full load excepting the main float and float 
bracing. 

2. Estimation of the weight of the float and bracing, and 





' —— 


C.G. MACHINE WitHout FLioat & Braces W,) 
































C.G.MacHine comPLete (W) 























Nee Float & Braces (W2) 


LOCATION OF SEAPLANE FLOATS 


can maneuver on, rise from, and alight upon the water instead 
of the land. 

Large machines have two main floats or pontoons, while 
small machines usually have only one main float located di 
rectly under the body and two wing pontoons located under 
the lower wings at the outer wing posts to prevent the machine 
from tipping over sideways. 

Floats are usually designed to have a total displacement of 
200 per cent of the total weight of the machine including the 
floats, while on small scout hydros 50 to 60 per cent excess 
buoyancy is sufficient. 

It is good practice to have the top of the main float parallel 
to the propeller axis, and to so locate the float with regard to 
the fore and aft position that the machine will rest on the 
water inclined at about 3° to the water level, or in other words, 
“3° down by the tail.” This is to prevent the machine from 
hosing over on starting up on the water, due to the diving 
moment caused by the propeller thrust and the resistance of 
the float in the water. Of course, no matter where the float 
8 located, when the machine is in equilibrium, resting on the 
water, the vertical through the center of buoyancy of the dis- 
Placed water will pass through the center of gravity of the 
complete machine. As the angle of inclination of the float is in- 
creased, the excess buoyancy at the rear end of the float de- 
treases. The float may therefore be located too far forward, 
with the result that a gust of wind will tip the machine back 
on its tail. 

The method for locating floats is the same whether single or 
twin floats are used, so we will consider the case of a single 


the resulting full load weight of the complete machine. 

3. Design of the float for the required buoyancy and the 
calculation of the 3° load water line and the center of buoy- 
aney line for the full load weight. 

4. Determination of the vertical position of the float with 
regard to the rest of the machine. 

5. Determination of the horizontal or fore and aft position 
of the float. 

These steps will now be taken up in order and briefly dis- 
cussed. 


I. Weight and Center of Gravity of Machine Without Float and 
Bracing 


We ean either estimate these quite closely, or if we already 
have an airplane which we wish to operate on the water, we 
ean obtain its actual weight and center of gravity by weighing 
it on two sets of platform scales, firstly in a horizontal posi- 
tion, and secondly in an inclined position with the tail down. 
The intersection of the verticals through the center of gravity 
in both positions will determine the location of the center of 
gravity both the horizontal and vertical co-ordinates. In either 
position if we let “ Z” represent the distance between the two 
supports or scales, “F'” the net weight on the front scales 


and “R” the net weight on the rear scales, then the — 
a ‘ L 
through the center of gravity is at a distance equal to FIR 


aft of the front support. 
Measurements of the points of support should be made very 
earefully and be referred to some fixed point on the machine, 
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for upon these measurements depends the accuracy of the 
result. If the machine is weighed with the original landing 
gear on it, this weight should be deducted and any weights 
which were not included, such as fuel, ete., should be added 
and corrections made in the center-of gravity. 


Il. Weight of Float and Bracing, and Full Load Weight of 
Complete Machine 


The weight of the main float and bracing can be estimated at 
about 15 per cent of the weight of the rest of the machine, 
or the full load weight of the machine complete will be about 
1.15 times that of the machine without float and bracing. 

Ill. Design of Float 

The approximate full load weight of the complete machine 

(W) having been estimated, the required buoyancy is 2W 
| y 

pounds, or the total volume of the float should be G55 cubic 
) ) 


feet. 

After the float has been designed, the 3° load water line is 
determined by first drawing a line at 3° to the top of float 
on the side elevation of the lines drawing, which will approxi- 
mately divide it into two equal volumes. The actual displace- 
ment below this line is then carefuly calculated by means of 
Simpson’s rule, and the 3° L. W. L. is corrected. The center 
of buoyancy or displacement is next determined by taking 
moments of the various small volumes below this 3° L. W. L. 
about some fixed point, and then dividing the sum of these 
moments by the sum of volumes or displacement. A line is 
then drawn through this center of buoyancy perpendicular to 
the 3° L. W. L. and the point where this line euts the top of 
the float is noted. 

IV. Vertical Position of Float 

The vertical position of the float can be readily decided upon 
by allowing 6” clearance between the top of float and the low- 
est point of the propeller tip travel, so that the propeller will 
easily clear the float and will not strike much of the spray 
from the float. It is often well to have small fins, or splash 
plates, fastened onto the float near the front to deflect the 
spray downward and away from the propeller. 

V. Horizontal Position of Float 


The remaining data which are needed for the determination 
of this position are the actual weight and center of gravity of 
the combined float and braces. 

A good designer can closely calculate the weight and cente 
of gravity of the float itself from his construction drawings, 
or better still, after the float is constructed, its actual weight 
and center of gravity can be obtained accurately by the “sus 
pension and displacement” method deseribed in the Oct. 15, 
1917 issue of AVIATION AND AERONAUTICAL ENGINEERING, 
page 381. 

It is now necessary to determine the approximate location 
of the bracing from the float to the body, so that its weight 
and center of gravity may be caleulated. For this purpose 
we may temporarily assume that the center of buoyancy line 
passes about 2 or 3” ahead of the previously determined C. G. 
ef the machine without float and braces. The weights of th 
float and the braces can now be added and their combined 
eenter of gravity be referred to the float. 

Knowing the vertical co-ordinates of the centers of gravity 
of the machine without float and braces W, and of the ff 
and braces W,, and the vertical distance “71” between these 
co-ordinates. we can calculate the vertieal co-ordinate of the 
C. G., of the machine complete with float and braces W by 

wae W, 1 
W,+W W 
ehine without float and braces. 

Now draw four parallel lines at the correct « 
to some convenient scale, say 3 in. = 1 ft. 0 in., to represent 
the vertical co-ordinates of the center of gravity of the ma 
ehine with and without the float and braces, the C. G. of tl» 
float and braces, and the top of the float. Next assume an) 
eonvenient point on the line representing the vertical co 
ordinate of the C. G. of the complete machine W, as the 
horizontal position of its C. G., and draw a line down from 
this point at 3° aft of the vertical. Where this 3° line euts 
the horizontal representing the top of float, will determine the 
position of the center of buoyancy of the float. The center of 
gravity of the float and braces W, is already known with 
respect to the center of buoyancy of the float, so it merel 


oat 


below the C. G. of ma 





the equation y, = 


] 


stances aperi 
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remains to draw a straight line through this C. G. and the 
C. G. of the complete machine and produce it until it cuts the 
horizontal line representing the vertical co-ordinate of the 
machine without float and braces W,. This will determine the 
position of the C. G. of the machine without float and braees, 
and we now have located the horizontal position of the float 
with regard to the fuselage. 

If a person does not wish to draw up this work to scale, it 
ean be figured mathematically as follows: 

The distance along the top of float from the vertical through 
the C. G. of complete machine to the center of buoyaney line 
X,= tan 3° xy, where y, is the vertical distance from top of 
float to C. G. of complete machine. 

The horizontal distance X, from the C. G. of float and braces 
to the vertical through C. G. of complete machine is equal to 
the horizontal distance from C. G. of float and braces to point 
where center of buoyancy euts top of float, tan 3° z y,. 

Then the horizontal distance of the C. G. of machine without 
float and braces W, aft of the vertical through C. G. of com- 


an xX. X ¥, 
plete machine is X —>:X4Y: 


ihe Ys 
An example will make this method clearer. 
VI. Data and Calculations 


l. Full lead weight of seaplane including men, fuel, ete, 
but without landing gear W, =1900 Ib., and its center of gray- 
ity is loeated a = 66 ft. aft of face of radiator and b = 2 in. 
above line of propeller axis or thrust. 

Propeller has an outside diameter d = 8 ft. 0 in. 

2. Estimated weight of f'oat and braces W, = .15 & 1900 = 
285 lb. say 250 lb. for float and 35 lb. for braces. 

Estimated full load weight of machine complete with float and 
braces W = W, + W, = 1900 + 285 = 2185 Ib. 
Required buoyancy of float = 2 2185 = 4370 lb. or 70 eu. ft. 

3. Float assumed 20 ft. 0 in. long, 32 in. wide and 24 in. 
deep with rounded top. The 3° L.W.L. for 2185 Ib. and center 
of buoyancy or displacement are assumed to be as shown on 
sketch, the point where the latter cuts the top of the float 
being 2 ft. 0 in. aft of the amidship section or 12 ft. 0 in. aft 
of nose of float. 

4. Clearance of propeller over top of float c = 6 ft. Top 


: d 
of float below propeller axis y= >-++c= 4 ft. 0 in. + 6 ft. 


= 4 ft. 6 in. 
5. Weight of float = 250 lb., and its center of gravity is 


10 ft. 3 in. aft of nose and 15 ft. below top. Weight of float 
braces = 35 Ib. and their center of gravity is 11 ft. 8 in. aft 
of nose and 14 in. above top of float. Weight of float and 
braces W 285 lb. and their combined eenter of gravity is 
_ 250 123+35x« 140 nee ‘ 
X, 55 125 in. 
250 K 15—35 >« 14 
285 

Horizontal distance from intersection of center of buoyancy 
and top of float to center of gravity of float and braces = 
12 ft. 0 in.—10 ft. 5 in. = 19 in. 

Vertical distance from center of gravity of float and braces 
to eenter of gravity of machine without float and_ braces 


: 11.45 = 67.45 in. 


l b r > 
Vertical distance of center of gravity of machine complete 

below center of gravity of machine without float and braces 

285 * 67.45 
y 2185 - 
of gravity of machine complete above top of float 
d ‘ pees 
= 8.8 = 47.2 in. 

y, X tan 3 47.2 .0524 = 2.475 in. 

19 — x, = 19 — 2.475 in. = 16.525 in. 

- oe 2 8.8 16.525 145.2 , 

Y: - €° - 2 = _— 2.48 in. 

11.45 + 47.2 58.65 
The iose of float should be - § X + X, = 10 ft. 9 Le 
16.52 in. + 2.48 in. = 12 ft. 0 in. ahead of C. G. of machine 

without float and braces, or the face of radiator should be 

12 ft. 0 in.—a = 12 ft. 0 lay 5 ft. 6 in. = 6 ft. 6 in. alt 

of nose of float. 

The correct position of float is now located, top ol float 

1 ft. 6 in. below propeller axis and nose of float 6 ft. 6 m™ 

ahead of faee of radiator. 





10 ft. 5 in. aft of the 





nose and y, = 11.45 in. below top of float. 


| ‘ ) ! . 
c+ y, = 2+ 48-6 


8.8 in. 


te 


1. b— y, = 56 - 
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figineering to the point where it takes 


The Mathematics of Aerodynamics* 


By Edwin Bidwell Wilson 


Professor of Mathematical Physics, 


{n the development of a branch of engineering there are 
several stages, sometimes long drawn out and poorly differen- 
tiated, sometimes brief and sharply defined. 

There is the stage in which the bold inventors, trying one 
way and another, often with personal danger or even disaster, 
accomplish the first crude beginnings. In ship construction 
this epoch is prehistoric ; in steam engineering it starts, at 
least in story, with Watts; in electrical engineering it lies 
within the memory of men still living; in aeronautics it 
stretches over a long period admirably described by A. F, 
Zahm in his book “ Aerial Navigation.” The first essays in 
aeronautics, if we overlook the legendary Icarus, were with the 
balloon and the balloon-type machine; progress with the 
heavier-than-air type may well be dated from Langley and 
the Wrights, though experiments with gliders are known for 
some time previous to them. 

There is another stage—that in which the properly equipped 
mathematician and physicist construct a theory to correspond 
to the branch of engineering and by the indications of that 
theory aid materially in hastening the development of im- 
proved types of machines, or at least, if they arrive too late 
to help in the major development, they assist in codifying the 
fundamental scientific principles which underlie the subject 
and make possible systematic training of the youth to carry 
on the advance in details. 

The development of mathematics and physies was sufficient 
before the advent of electrical engineering to enable major 
advances to be made by William Thomson (later Lord Kelvin). 
by Oliver Heaviside, and by M. I. Pupin, to mention only 
three. In the case of the simpler parts of mechanical en- 
gineering and of naval architecture, the pressing necessities of 
prehistoric and early historic man were such that the art 
far outstripped the science; indeed the limitations of our 
mathematical and physical knowledge of the behavior of 
liquids are still so serious that when we wish a cup-defender 
we have to rely almost entirely upon the fine sense of a 
genius like Herreshoff instead of upon the theories and ealeula- 
tions of engineers like Prof. C. H. Peabody and Rear Admiral 
Taylor. 

In the development of the airplane, however, since the early 
experimental and inventive successes of the Wrights and their 
competitors and followers in France, much has been accom- 
plished in a single decade by the mathematician and physicist, 
mn partic ‘ular by G. H. Bryan, whose book “ Stability in Avia- 
tion” was epochal, and by L. Bairstow of the National 
Physical Laboratory, Paddington, England, whose _ experi- 
mental and theoretical work has done so much toward render- 
ing Bryan’s ideas directly and surely applicable to actual fly- 
ing machines. I have been fortunate enough under commis- 
sion from our government to add my mite to the theoretical 
advance (“ Motion of an Airplane in Gusts”), and we in this 
country shoul all do much homage to the pioneer work which 
Lieut. J. Hunsaker, U. S. N., performed at the Massachu- 
setts Sotieate of Technology. 

There is a third stage, a relatively late stage in this up- 
rearing of a branch of engineering. Here we find the scientific 
and technical knowledge so codified in text-books and manuals 
that it is not particularly hard for a school of technology, 
properly equipped with laboratories and teaching staff, to 
take in as raw material average young fellows and turn out 
a manufactured product tolerably competent engineers, able 
to design and make minor improvements in standard machines. 

This stage is not yet quite attained in aeronautics, but with 
the obviously great technical advances which have come about 
with sueh perplexing 1 rapidity during the past two or three 
years under the pressure of war necessities in Europe and in 
this country, and with the presumably great theoretical ad- 
vances which have accompanied them, it certainly will not 
take long after the war shall have terminated and after the 
present belligerent governments shall have ventured to divulge 
the ways and means and ends in aeronautics which they 
tow guard so sedulously—it certainly will not then take 
lng to work down the science and art of aeronautical 
its place in this 


*Read before the Mathematical Association of America. 
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Massachusetts Institute of Technology 


third stage with mechanical, civil, and electrical engineering. 

Already a preliminary codification may be found in the 
course prepared by Messrs. Klemin and Huff, on the basis of 
the course given by their former teacher Dr. Hunsaker. 

My subject is the Mathematics of Aerodynamics, and if I 
have been long in my preamble it is merely because I feel that 
before we examine one special phase of aeronautics, the phase 
that interests us here most nearly, we should first take a broad 
view of the whole field to aequire the perspective necessary 
for a just appraisal of the value and of the limitations of 
mathematics in engineering. 

Mathematicians as investigators are concerned chiefly with 
but a single stage of the work. They cannot aid much in 
the first hardy adventures; they cannot help greatly in the 
final codification—except as they strive as teachers better to 
prepare the Freshman and Sophomore in his mathematical 
courses for the technical work to which he looks forward; 
they ean help materially in the intermediate stage, provided 
they have schooled themselves in that style of mathematies 
which is suited to the treatment of engineering problems, that 
is in mechanics and mathematical physies. 

In discussing aeronautical machines mathematically, or 
otherwise, a sharp distinction must be made between the 
lighter-than-air and the heavier-than-air types—the balloon 
and the plane types, as we may briefly designate them. 

For the balloon type the first mathematical work will 
naturally be very elementary, dealing with buoyancy, with the 
expansion and contraction of gases owing to rise and fall in 
the level of flight and to changes of temperature. Arithmetic 
and algebra alone or the simplest portions of the calculus will 
suffice. If the coefficients of resistance to motion are known 
or assumed for different shapes of balloon, simple caleula- 
tions will determine the power necessary for uniform recti- 
linear motion. As resistances are supposed to vary with some 
power, generally the square, of the velocity, easy problems in 
the caleulus may be made regarding stopping and starting 
with no further use of differential equations than the “ vari- 
ables separable” type. 

In diseussing the airplane some small use of trigonometry 
is necessary. The pressure P in a plane surface of area S, 
which is taken as a first approximation to a wing, is assumed 
to be normal to the plane (the viscous tangential drag being 
neglected), and of the form P = kSv* sin i, where i is the 


angle between the wing and the direction of motion. This is 
resolved vertically and horizontally to give the “lift” L and 


“drift” D as 
L=kSw* sin i cos i, 
In uniform horizontal flight L = W, the weight of the ma- 
chine, and D = the thrust of the propeller. (To a first 
approximation the resistance of all surfaces other than the 
main wing of the monoplane or the pair of wings of the bi- 
plane are neglected.) The power necessary to drive the wing 
through the air is then nearly. 
Dy w* 
550 550 kSv 
This shows that for a given machine, the power is inversely 
as the velocity. The apparent anomaly is explicable by virtue 
of the fact that at higher velocities the machine flies at smaller 
angles of incidence 7. A pretty exercise may be had by as- 
suming that the resistance other than that due to the wings 
may be lumped together in a term Cv" added to the drift D se 
that the power becomes 


D = kSvv’ sin’ i. 


Ww? , Cr* 
———e -} 
550 kSv - 
the minimum power may then be determined with its cor- 
responding speed; and the further result that for the speed 
which minimizes the power, the weight per horsepower varies 
inversely as the speed. 

There are a number of such simple applieations of trigono- 
metry and ealeulus which may be introduced in many a course 
in mathematics for the purpose of enlivening the work. One 
particularly interesting caleulation is found by contrasting the 
expression for the power which has been obtained from the 
assumption (known to Euler) that the pressure varies with 


50 ? 
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the sine of i with the expression which would be obtained 
from the erroneous assumption (generally attributed to 
Newton) that the pressure varies with the square of the sine 
of i. Those of you who are interested in the application of 
elementary mathematics to the airplane will find a great deal 
of suggestion in Painlevé and Borel’s “ L’ Aviation.” 

I wish next to mention those parts of advanced mathematics 
which are used by writers on aerodynamics. Beginning with 
Kirehhoff and Lord Rayleigh and reaching its culmination in 
recent work by Sir George Greenhill, the theory of functions 
of a complex variable has been indispensable in deriving 
theoretical formulas for the pressure P of a stream of air on a 
wing. 

Problems in hydrodynamics which-take account of eddy (or 
vertical) motion or of internal friction (viscosity) are so dif- 
ficult to solve that one may with reasonable accuracy say that 
for theoretical work in aerodynamics, eddies and friction must 
be disregarded; and for similar reasons the fluid motion is 
ordinarily restricted to plane motion. There are to be sure 
“ end-effects ” when a wing moves through the air, but owing 
to the length of span an approximation of value may be had 
by neglecting the “ end-effects ” and assuming that the motion 
of the air in all planes perpendicular to the edge of the wing 
is identical. Now by the method of “ conformal representa- 
tion” of the theory of functions the pressure exerted in a 
plane wing of various shapes, by the motion of the air may in 
some eases be calculated, and the center of pressure may also 
be found. 

These theoretical determinations of pressure and center 
of pressure are not precisely verified when experimentally 
measured in the wind tunnel and it is now customary to use 
the experimental values in place of those theoretically caleu- 
lated. Nevertheless no student of theoretical aerodynamics 
ean afford to be ignorant of the elements of hydrodynamics 
ineluding the theory of the reactions of streams on given 
eontours, and this means that he must have some knowledge 
of the theory of functions of a complex variable, or rather let 
me say, some knowledge of the means of applying the principle 
of conformal mapping to the setting up of the functions which 
gives the map of one boundary and enclosed region upon 
another boundary and enclosed region. 

It is unhappily true that many extended and beautiful 
eourses on the theory of functions leave the student wholly 
unable to carry through the applications necessary to the solu- 
tion of these practical, or at least semi-practical, problems 
in hydromechanies. Might I suggest to all who teach the 
eomplex variable and the conformal map the possibility of 
drawing on uniplanar fluids motion as a source of instructive 
exercises ? 

Owing partly to the divergence between theory and experi- 
ment in fluid motion in simple cases and partly to the impos- 
sibility of obtaining a theoretical hydrodynamic solution for 
the motion of so complicated an object as an airship or air- 
plane, it is necessary in the main to treat the ship or plane as 
a rigid body to which are applied certain forces (resultant 
fluid pressures and moments of pressures) determined by wind 
tunnel experiments upon models, The problem of the motion 
of the machine then becomes one in the dynamics of a rigid 
body free to move in space (i.e. with six degrees of freedom) 
subject to known forces. It is customary to refer the motion 
to axes fixed in the machine and moving with it. Now un- 
fortunately moving axes are regarded as belonging to really 
advanced rigid dynamics. Routh in his two volumes “ Elemen- 
ary and Advanced Rigid Mechanics,” leaves moving axes to the 
beginning of the Advanced Part. Single volume treatises such 
as Loney’s “ Dynamics of a Particle and of Rigid Bodies” 
are apt to stop before reaching moving axes. 


It is not at all unlikely that the present interest in the 
dynamics of flight will force us so to alter our texts and our 
eourses as to inelude the theory of moving axes; for we can- 
not expect students to prolong their studies of mechanics un- 
duly before entering upon the motion of aerial machines. 


Whether referred to moving or fixed axes the equations of 
motion of an airplane or airship, with the forces represented 
by empirical equations experimentally determined, are too 
difficult to integrate without approximation. The first case 
treated is that of motion in a line nearly straight and inclined 
to the horizontal at a nearly constant angle. By considering 
the motion as made up of small departures from uniform 
flight in straight lines, the differential equations of the mo- 
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tion become linear equations with constant coefficients, ang 
their solution is therefore a matter of well known, tho 
sometimes very tedious, routine. And right here allow me tp 
interealate the remark that we must not ourselves disdain 
arithmetic nor allow our students to be discouraged by it; there 
is current all too much of a feeling that only the beautify) 
general theories of mathematics are worthy the attention of 
real mathematicians and their students; the art and the 
science of getting a sufficiently accurate numerical solution of 
a numerical problem are of equal importance and dignity with 
general theory in all applications of mathematics. 

The utility of the solution of the nearly uniform motion of 
the machine is found in the diseussion of dynamical stability, 
The approximate equations are solved, as all linear equations 
with constant coefficients, are solved, in terms of exponential 
functions with or without combination with trigonometric 
terms. 

If a machine dynamically stable is slightly disturbed from 
uniform motion the small departures from that standard state 
will die out as time goes on, i. e. the exponential functions mnsgt 
have negative exponents like e—**. Itis a pretty and none too 
easy algebraic problem, solved in Routh’s “ Rigid Dynamies” 
but not in many books on algebra, to determine the condi- 
tions under which an algebraic equation has its real roots, 
and the real parts of its imaginary roots, negative. The 
practical importance of dynamical stability in a machine js 
that under normal atmospheric conditions and for short 
periods of time the machine may safely be flown “ hands off” 
and the pilot has therefore more freedom to attend to other 
matters than the guiding of his craft. 

I have been told that the theory of Bryan, recast by Bair- 
stow, and supplemented by data of wind tunnel experiments 
has enabled a machine to be designed and constructed whieh 
actually has been flown “ hands off.” If this be true it marks 
a great triumph for mathematical physics; whether it is true 
or not, we can confidently assert that to the English training 
in mathematical physies is in no small degree due the great 
and sudden advance in airplane design and the great sue- 
cess in aircraft warfare which have been realized in England 
in relatively few months. 

I have shown you that the mathematics of aerodynamic 
leads from elementary algebra and arithmetic to the theory 
of functions of a complex variable and to the solution of 
linear differential equations with eonstant coefficients. I have 
shown how the theoretical work has come in that stage of the 
development of aeronautical engineering where it has been of 
real help in rapidly advancing the art. There are always 
with us branches of engineering and physics in which the right 
kind of mathematies is of great value for the rapid advance of 
those branches. This right kind of mathematies is the good 
old traditional Cambridge, England, type, the mathematies of 
Newton, of Green, of Maxwell, of Kelvin, of Rayleigh, a type 
of mathematies which in this country, owing perhaps to our 
preponderance of German trained mathematicians, has all too 
little prestige. ' 

I sometimes wonder whether we do right to aim so exclusively 
at the continental type. It is worthy of note that our two 
great native mathematicians, George W. Hill and J. Willard 
Gibbs, were concerned with the applied side. May it not be 
that we in this country have such a natural bent toward the 
practical that a diligent cultivation of the British sort of 
mathematics would find a readier response among oUF 
students? 

We are here not as research mathematicians but as teachers 
of collegiate mathematics. Our country has great industrial 
problems of peace and war to solve, and every one of us must 
help as he may. As we bend the mathematical twig, so wil 
the tree incline. Let us without prejudice consider our cur 
ricula and with open mind introduce any necessary change 
to make sure that the type of mathematics which we plac 
before our students is that which will contribute most to the 
vietory of our country in time of stress and to her prosperity 
in times of peace. 





Senate Confirms Aircraft Board Nominations 
The President’s nominations of Howard E. Coffin, chairmal; 
and Richard F. Howe, member, of the Aircraft Board, were 
confirmed by the Senate on Feb. 14. The Army and Navy 
each are represented by three officers, and there still remains 
one civilian to be appointed by the President. 
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Erecting the Main Bulance 


In order that certain conditions essential for accurate work- 
ing shall be fulfilled, it is necessary that the erection of the 
balance be carried out with considerable care. The methods 
which are used for this purpose and to check the accuracy 
of workmanship will now be described. 


Vertical Axis of Rotation in Moment Measurements 
When the balance is arranged for the measurement 
moments about a vertical axis the strut which prevents motio 
about this axis when lift and drag are being measured is 
removed, and the lower extremity of the balance engages a 
center, the position of which, in conjunction with the main 
supporting point of the balance, fixes the axis of rotation. 
The position of this lower center is adjusted till the axis of 
the balance is vertical, when hanging weights on the lift and 
drag beams produce no moment about the axis of rotation. 
The sensitivity of the moments measuring apparatus renders 
the method easily accurate to an inclination of the axis o! 
0.005 deg. The axis of rotation in the N.P.L. channels is 
vertical to an accuracy of about 0.03 deg. The clamp which 
locks the balance should be arranged to hold it in approxi 
mately the same position when the lower center is not in use. 


Position of Axis of Rotation of Upper Part of Balance 


{t is a matter of considerable convenience in measurements 
of moment about a vertical axis if the axis of rotation in 
changing the angle of incidence of the mode] coincides with 
that about which moments are measured. The relative posi- 
tions of these two axes can be determined by fixing a point to 
the upper portion of the balance, adjusting it to lie in the 
axis of rotation of the upper portion, and then hanging from 
it a weight. If the balance remains in equilibrium when 
supported on a single point, the axis under examination is 
vertical, and therefore in coincidence with that about which 
moments are measured. If the balance turns under the 
weight, it must be returned to its zero position by changing 
the weights on the lift and drag beams and the process repeated 
with the point at a new height in the channel. Readings of 
the beams in the two cases enable the position of the axis to 
be determined. 

The N.P.L. balances have been adjusted till the deviation 
at the center of the channel does not exceed 0.01 in. 


Angle Between the Lift and Drag Beams 


The ratio of the lift to drag in the test of an aerofoil is 
usually of the order of 17 as a maximum, and a very small 
error in setting the lift and drag beams at right angles may 
introduce a serious error in the measurement of drag. It has 
been shownt that in order to avoid errors in the drag measure- 
ment exceeding 1 per cent when the ratio of lift to drag is 
15, it is necessary that the angle between the beams shall be 
90 deg. to an accuracy of + 0.05 deg. If the linear distances 
between the scale pan centers and the point of the balance 
ean be accurately determined, the most direct method of 
measuring this angle is to compare the sum of the squares 
of these Jengths with the square of the distance between the 
two scale pan centers. It was inconvenient to measure directly 
the lengths of the beams, and a temporary weighing arm was 
fixed to the upper part of the balance for the purpose. This 
was set in turn parallel to the lift and drag beams and a 
weight of 1 lb. moved through an accurately measured length. 
The moment thus caused was measured on the beams and the 
distance of each scale pan from the point of support of the 
balance deduced. The method of calculating the angle, referred 
to above, can now be applied. The angle between the beams 
in each of the N.P.L. balances is 90 deg. with an error not 
exceeding 0.02 deg. The error in the drag measurement will 
not exceed 1% per cent due to this cause, and will usually be 
much less, 


* See Report Advisory Committee for Aeronautics, 1912-13, p. 50. 


p. 63. 
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The Wind Channel: 
By J. A. Parnell, A.F.Ae.S. 


(Concluded from last issue) 
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Its Design and Use 


Determination of Wind Direction and Its Relation to the Position 
of Beams 


The accuracy with which it is necessary to set the beams 
along and across the wind direction is the same as that with 
which the angle between the beams is required to be a right 
angle. An error in the two cases has the same result—yjz, 
to inelude a component of the lift in the drag measurement, 


The wind direction has been found to be parallel to the 
walls of the channel to an aceuracy of 0.1 deg., but it is deter. 
mined by the experiment which gives the angle between jt 
and the drag beam. 


The method which has been used for this determination js 

to mount an aerofoil in the balance, with its span vertical, 
and measure the lift and drag over the usual range of angle. 
The model is then rotated through 180 deg. about the wind 
direction (thus reversing the direction of the lift) and a 
second set of measurements taken. The mean of the two sets 
vives the true value of the faces, and their difference enables 
the errors of wind direction and balance setting to be deter- 
mined. 
An actual set of observations which was obtained in eali- 
brating of the channels now follows. The two lift curves 
differed by an angle of 0.2 deg., the datum line to which the 
aerofoil was set being half this amount in error from the true 
wind direction. The drag curves, however, could not be made 
to agree by movement of one of them along the abscissa; 
the difference being due to the drag beam not being set along 
the wind direction. As would be expected, since the difference 
in the drag curves was due to a component of the lift, the 
two drag curves crossed at the angle of zero lift. The angle 
error can be estimated by moving one curve along the angle 
base by the amount indicated by the lift curves (0.2 deg.) and 
reading off the drag from each curve at several angles. If L 
is the lift at any angle and @ the angle between the beam and 
the wind direction, then half the difference is equal to L sin 4, 
and « can be deduced. In this case « was equal to 0.16 deg. 
The balance was turned through this angle by adjusting the 
length of the “torque stop,’ and the experiments repeated, 
using the wind direction indicated by the lift curves. The 
forees should now be in agreement for the two presentations 
of the model. 


Measurement of Wind Velocity 


A pitot and static pressure tube of the type used by Dr. 
Stanton was adopted for measurement of wind velocity. The 
head in use at the present time is the same in principle, but 
has been arranged somewhat differently for convenience. This 
type of head has been tested on the whirling arm at the 
Laboratory,t and the difference of pressure was found to be 
CV", while that in the statie pressure tube was equal to the 
pressure of the undisturbed air in the building. The ae- 
euracy was limited by that of the test, which was of the order 
of 0.1 per cent on the velocity. 

It was at first hoped to measure the velocity in the channel 
during a test by mounting this head some 3 ft. (100 diameters 
of the vertical tube of the head) upstream of the model. This 
plan was abandoned, as it was found that there was a region 
in the neighborhood of the balance about 114 in. wide in whieh 
the velocity was 10 per cent below the mean. The alternative 
method which was adopted consisted in measuring the pressure 
difference between a hole in the side of the channel and the free 
air in the room. In order that the pressure in this hole may 
not be changed by the presence of the model, it should be 
located sufficiently far upwind of the balance to be in front of 
the model. The pressure difference is greater than 120V", 0 
account of the pressure drop in passing the honeycomb and 
early part of the channel. The pressure difference, however; 
varies, as V? and the channel is readily calibrated by placing 
the standard anemometer over the balance. This calibration 





* Engineering,” Sept. 12, 1913. 
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ean be made with an accuracy of about 1 per cent on V’, 
and should be repeated at stated intervals. The pressure differ- 
ence is measured on a Mattock tilting manometer, which has 
been fully described elsewhere.* 

The Mattock manometer is in general use at the N.P.L., 
but it suffers from one defect which is not present with the 
inclined tube type of gage. It is necessary that the Mattock 
manometer shall have continuous attention during the time it 
js in use, and in the case of a failure of the electric supply 
the observer can seldom shut the tap before the surface is 
ruptured. It is then usually several minutes before the gage 
ean be used again, and it is liable to change of zero for a 
longer period. 

Experiments have been carried out at Massachusetts Insti- 
tute of Technology, U. S. A., with the “Krell” type of 
inclined tube manometer,+ and the conclusion arrived at was 
that if properly constructed and used the gage could be 
regarded as an instrument of precision suitable for wind 
channel work. It requires calibration, and may be compared 
with a Mattock manometer which is an absolute standard. 
The inclined tube gage appears to be sufficiently accurate for 
use on a channel where the fiuctuations usually limit the 
accuracy attainable. It cannot be too strongly stated that a 
steady electrical supply is a matter of the highest importance 
if accurate results are required. In the writer’s opinion there 
is no doubt whatever that, with channels of the type-in use at 
the N. P. L. and with the usual conditions of electrical supply, 
the accuracy of the observations depends entirely on the steadi- 
ness of the wind speed. If a channel which normally works 
on the ordinary supply circuits is connected to a storage 
battery, the improvement in the accuracy of the experiments 
and the reduction in the time taken is most marked. If a 
storage battery cannot be provided, a Tirrell regulator makes 
a fairly efficient substitute. The author has had no experience 
of automatic speed regulators; the only one of which he has 
seen a description (in use on the channel] at Gottingen) is 
operated by the pressure difference on either side of the fan. 
In order to avoid “ hunting,” it appears that it would be 
preferable to adopt a device (possibly operated by centrifugal 
force) which would regulate directly on the speed of the 
airscrew, since the variations here are presumably the source 
of speed variations in the channel, 


Comparison of the Channels 


The differences between the 3-ft., No. 1 4-ft., and No. 2 4-ft. 
channels are small, and confined to improvements in the con- 
venience of working in favor of the latter. The woodwork 
of the two 4-ft. channels is the same, and though no com- 
parative measurements of steadiness have been made, there 
appears to be little to choose between the two. The maximum 
speed of the No. 2 4-ft. is 80 ft. per sec., while that of the 
No. 1 4-ft. is 50 ft. per see. 

The No, 2 7-ft. channel is not an exact copy of the No. 1. 
The buildings in which they are housed are of approximately 
the same size, but as the newer channel is supported on steel 
frames instead of concrete columns, the obstruction to the flow 
. air returning to the intake of the channel is appreciably 
ess. 

The overal] dimension is 86 ft. in each case, but the two 
channels differ in the manner shown in the following table of 
approximate values: 


No. 1,7 ft. No. 2,7ft. No.1,4ft. No. 2, 4 ft 
Overall length. 52 ft. 52 ft. 


Length of parallel portion.... 41 ft. 41 ft. 25 ft. 25 ft. 
Intake to balance........... 20 ft. 25 ft. 6 ft. 6 ft. 
Length of distributor........ 35 ft. 32 ft. 21% ft. 4 ft. 
Length of core to propeller... 10 ft. 13% ft. 4 ft. 21% ft. 
Angle of cone (internal)... ... 20° 20° 30° 30° 
Diameter of propeller........ 10 ft 11.5 54 ft. 54 ft. 

ffective pitch diameter t.... 0.50 0.7 0.60 0.75 
R.p.m. at 60 ft. per sec....... 1000 910 (50 ft. persec.) 1300 

1350 

Power absorbed at 62 ft. per 

DEGLI Nc ttsedscwcnes< UD 56 hp. 6 pres 14.6 hp. 
R.p.m. at 80 ft. per sec...... a 1210 1500 
Power absorbed at 80 ft. per 

SLND eskechadheen 155 hp. 


(70 ft. per sec.) 
23.3 hp. 


*Report Advisory Committee for Aeronautics, 1912-13, p. 35. 
+ Smithsonian Misc. Col., Vol. 62, No. 4, p. 34. 
i Effective pitch is calculated from airspeed in the channel just 


before the airscrew (neglecting increase of velocity due to inflow) 
divided by r.p.m. 
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The No. 2 7-ft, channel has been found to be less steady than 
the No. 1 7-ft., in spite of the increased area available for the 
returning air. The difference is possibly due to the increase 
in the pitch of the propeller, and possible also to the reduced 
length of the distributor. 

A few particulars of the cost of erecting the wind channels 
may be of interest. The figures given were estimated to cover 
replacement under present conditions in the event of loss by 
fire, and are based on the actual cost of erection under the 
supervision of H. M. Office of Works: 


No. 2, 7 ft. No. 2, 4 ft. 
C0” Pee Pein er See Cen Ey £2,120 £590 
The more important items are:— 

Rr arda ics w-aalea ko isieb cond ; 300 

Honeycombs (2). . ; a 75 35 
I gins 00 alas ad aia eaten 350 250 
Woodwork... ; 1,000 80 
Airscrew.... 35 50 


We may now pass to the consideration of the methods which 
are used for supporting models in the channel. 


Methods of Support 

There is perhaps no more difficult part of an investigation 
into the wind forees acting on a model than that which is 
concerned with the increase of resistance due to the supports. 
The difficulty depends to a large extent on the kind of model 
which is under test. If the resistance of a sphere, or a square 
plate in normal presentation, was being investigated, it is 
unlikely that any appreciable error would be introduced by 
the assumption that the correction to be applied is given by 
a measurement of the resistance of the supports in the ab- 
sence of the model. In the measurement of the resistance of 
a “streamline” body, however, an entirely different state of 
affairs exists. The resistance of an airship model 6 ft. long 
and 0.5 ft. in diameter is in some cases only about 1/100th 
of that of a square plate whose area is equal to that of the 
maximum cross-section of the airship model. Even though 
such a model is supported on a spindle about 0.3 in. in 
diameter, an error amounting in some cases to as much as 20 
per cent of the model resistance would be introduced if this 
method of measuring spindle resistance were adopted. In the 
test of some models several alternative methods of test are 
available. Thus in experiments on aerofoils the method which 
is usually adopted is to mount the model with its span 
vertical, on a spindle screwed into its end.* An alternative 
method (which was adopted by Eiffel) is to support the 
model with its span horizontal on a spindle screwed into, 
for instance, its under surface, the spindle being constructed 
in sueh a manner that the angle of incidence of the aerofoil 
can be varied. In this case the support can be made of 
“ fan” form, while in the former one it turns with the model, 
and is therefore circular. If a low-resistance aerofoil whose 
span is 18 in. and chord 3 in. is under test, the relative values 
of the spindle resistance in the two eases of span vertical and 
the span horizontal are about 60 per cent and 110 per cent of 
the minimum drag. These high values are caused by the 
length of spindle which must be exposed in order that the 
presence of the guard may not interfere with the flow round 
the model. It is therefore seen that the resistance of the 
spindle is nearly doubled when the span of the model is 
horizontal and though this is bad enough it does not constitute 
the most serious objection to the method. The method of 
evaluating the resistance of spindles have recently received a 
good deal of attention, and it has been shown that while, in 
the case of the spindle in the end of the model, the increase in 
resistance is not very different from that of the resistance of 
the actual spindle, there is much “ interference” between the 
model and the spindle when the latter is attached to the under 
surface of the aerofoil. 

It is therefore desirable, whenever possible, to test aerofoils 
with spindles in their ends; in cases (such as experiments on 
wing tips) where this cannot be done, great care must be taken 
in the determination of the resistance due to the support. 

Stability 

The question of stability of aircraft has been examined 
mathematically in considerable detail, the methods of develop- 
ing the equations being laid down in Bryan’s “ Stability in 
Aviation.” These methods have been developed by Bairstow, 
with the assistance of various members of the aeronautical 





* Report Advisory Committee for Aeronautics, 1912-13, p. 77. 
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staff of the laboratory. In Report 77* the theories have 
been applied to the flight of an airplane, and were investi- 
gated for the case of an airship in 1916, 

It is proposed to examine the methods which have been 
employed in measuring in the wind channel the various 
forces, moments, and damping co-efficients for models of 
actual] machines. For the purpose of stability calculation the 
axes are supposed to be fixed in the machine, and the nomen- 
elature which has been adopted at the laboratory is as follows: 


Name of Sym- Name of Sym- Nameof Sym- Nameof Sym- 
Axis bol Force bol Angle bol Moment bol 
Longitudinal x Longitudinal X Roll c Rolling L 
Lateral 7 Lateral z Pitch . Pitching M 
Normal Z Normal Z Yaw VY Yawing N 


If the center of gravity is at o, the positive directions of 
the axes are as follows when the machine is in rectilinea: 
flight in a horizontal plane: ox in the direction opposite to 
that of flight, oy to the left (i.e. to port), and oz vertically 
upwards. Forces are positive when acting along the positive 
directions of the axes, angles and moments are positive when 
turning occurs, or tends to oecur, from ox to oy, oy to oz, or oz 
to ox. Angular velocities about the axes ox, oy, oz are repre- 
sented by p, q, r, and linear velocities along them 2, y, and z. 

The rate of change of one quantity with regard to another 
of which it is a function is represented, in the usual manner, 
by writing the symbol for the latter as a suffix to that for the 
former. Thus the change of pitching moment due to pitching 
is represented on the system of axes chosen by Mg. The 
writer’s experience has shown it to be desirable, if mistakes 
are to be avoided, that a system of axes, such as the one 
quoted, should be adopted for all wind channel work, and 
rigidly adhered to. The angle scale on the balance should be 
numbered in such a manner that rotation from X to Y in- 
creases the reading; the micrometer screw of the main mo- 
ments apparatus should be graduated so that a moment 
which tends to turn the model from X to Y gives a reading 
greater than the zero. If the angle of pitch of a model is to 
be changed by rotation about a vertical axis, it should be 
mounted if possible with its under surface facing along the 
axis of Y. Forces, angles, and moments will now have their 
correct signs, except for normal force, for which the sign 
must be reversed. Care must be taken to correct the signs 
if the model is mounted in the reverse way, as is usually 
done in determining yawing moments on an unsymmetrical 
model. 

Stability—We may now consider the determination of the 
quantities which must be known in order that the criteria of 
stability of a machine may be caleulated. The first operation 
will be to mount the model in the channel in the usual way 
and determine the equilibrium forces on it. These results 
enable us to ealeulate (on the assumption that the wind forces 
vary as the square of the velocity) the resistance derivatives 
for variation of wind speed. 

The derivatives for variations of velocity along the axes Y 
and Z are given by the curves of normal and lateral force for 
angles of pitch and yaw. If the angle base is degrees, the 
value of Zw/U or Yv/U is obtained by multiplying the slope 
of the curve near the origin of 57.3 to eonvert degrees to 
radians and dividing by the square of the wind speed. 

It remains to measure the resistance coefficients due to oscil 
lations through the equilibrium position, which have been 
ealled Rotary Derivatives. 

The experimental determination of these quantities has 
already been deseribed+ in connection with tests on an airplane 
model, and though the apparatus has been modified, the same 
methods are in use at the present time. 

Measurements were made by the method of observing oscil 
lations, and only five of the more important derivatives wer 


considered. These were: 
The Pitching moment due to Pitching....... : -. My 
** Rolling = Se) ere 
“ Yawing p J = aaer Lp 
“Rolling us ee Vp 
“ Yawing = See Lp 


The first three can be determined by observations of the 
damping of a natural oscillation, but the last two require that 


* Report Advisory Committee for Aeronautics, 1912-15, p. 135. 
+ Report Advisory Committee for Aero, 1912-13, p. 172. 
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the model shall be oscillated about one axis while it is free 
to oscillate about another at right angles to it. The method 
was to set up an oscillation about the axis of yaw (or roll) 
and to adjust the period about the axis of roll (or yaw) til] 
resonance was obtained. The motion about the first axis was 
then stopped and the decay of the motion about the second 
axis observed. ‘The determination of these derivatives by 
foreed oscillations was found, however, to be a matter of some 
difficulty, and the results can only be regarded as preliminary, 

The remaining three derivatives—Lp, Mq, and Nr—were 
determined in the wind channel by observation of the damping 
of natural oscillations. The method for Mq and Nr was to 
mount the model on the balance in the same manner as for an 
experiment on the forces, the balance being free to rotate aboui 
a vertical axis. The motion was controlled by springs which 
maintained the oscillations tor a period of from 20 to 40 see. 
against the damping due to the wind forces and the friction 
of the apparatus. ‘The damping of the oscillations was 
recorded photographically for several wind speeds. The re- 
duction of the results consists in plotting the loge of the 
double amplitude on a “number of swings” base for each 
wind speed (ineluding zero). These lines are approximately 
straight for the part of the curve over which the amplitude 
is reduced from its maximum value to half, and the logarithmic 
decrement is consequently determined from this slope. If the 
slope at zero wind velocity is subtracted from the slope at 
each of the other velocities and the result divided by the 


periodic time (7) at that wind speed, we get value of WT 
where hk, is the damping due to the wind and J the moment 
of inertia. If each value is divided by the appropriate wind 
speed (U), we find that the damping to be nearly proportional 
to the I ean be caleulated from the equation 

wd 


mie 


lh: ~~ 

1 V> ap 

I 4r 
where TJ is the time at zero wind velocity, k, th 
moment dae to the apparatus, and h, the damping due to fric- 


spee d. 


pel i0die 


h, , 
tion. We can now obtain values of 7? and if we neglect 


ehange of the 


BM« _CNr sd . : : 
—— and + by multiplying by the fourth power of the 
ratio of the dimensions of the actual airplane to those of the 

. _ Me ‘ ° . ? 
model, B and C being the moments of inertia in pitch and 
vaw respectively. 


coeflicients with seale and speed we can caleulat 


Scale and Speed Effect 

In considering the application of model results there is one 
important correction which it is necessary to apply to the 
great majority of experiments in a wind channel; it is that for 
change of size and speed between the model and the actual 
machine. It has now been well established that for what may 
be ealled totally submerged bodies, such as aircraft or tor- 
pedoes, where the type of motion is determined by the viscosity 
of the fluid, we may write 


p= wey (4) 


where F° is the resistance to forward motion, v the velocity, ! a 
dimension of the body, and { and V the density and kinematic 
viseosity of the fluid. If the form of the function is unknown, 
we can only be sure that the motion in an experiment on a 
model will be similar to that on the actual machine if the value 


of ( ) is the same in the two eases. This condition 1s usually 
7 


unobtainable in wind channel tests, as both the size and the 
speed are much higher in practice; in the ease of rigid air- 
ships the value of vl for the actual ship is some 200 times that 
in the model test. By carrying out tests in water v can be 
reduced to 1/14th that of air, but the experimental difficulties 
then become very great and in most cases outweigh the 
advantages of an inerease in the value of (=) ; Experiments 


on full seale machines are admittedly extremely difficult, and it 
is only recently that they have been carried out on airplanes. 
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It is hoped that in the near future resistance experiments on 
full-size airships will be made. 

Experiments on models over the greatest possible range of 
speed appear, in many cases, to indicate that the power of the 
velocity which the resistance varies at is not very different 


: , (ul , 
from 2 at the highest value of (“) obtainable. If FaV’*, 


s] ; 
then f (=) = 1, and we can calculate the forces on the actual 


machine directly from our model experiment. 
A very large amount of data has been obtained in testing 
the airplanes which are being constructed for our naval and 
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military forces, and comparisons of the greatest value are now 
possible between the results on models and actual machines. 
The writer believes that the time is not far distant when the 
design of new machines will be essentially based on the results 
obtained in experiments on small-scale models in a wind 
channel. 

It was the author’s good fortune to be associated for some 
years with Mr, Leonard Bairstow, F.R.S., who was until 
recently the Senior Assistant in the Aeronautical Division of 
the National Physical Laboratory. The progress which has 
been made was due in a very large measure to his personal 
ability and to the sympathetic encouragement which led to 
such close co-operation between the members of the staff who 
worked under him. 





The Mexican “Microplano” Scout 


It is not generally known that during the last two years 
the Mexican government has made a considerable, and appar- 
ently quite successful, effort at building up a wholly national 
air service. ‘This effort is mainly due to the untiring activity 
of Colonel Alberto Salinas, a nephew of President Carranza, 
who took his pilot license in 1912, at Mineola Aerodrome and 
has since been continuously identified with the development 
of Mexican aviation. 

In November, 1915, an Aviation Department was created 
in the Mexican War Office, and a military aerodrome and fly- 


machines and plans were then laid down for a further expan- 
sion of the aerial establishment. 

Last year an engine department was added to the aviation 
factory, and there the first Mexican aero-engine, called the 
Aztatl, was produced. This engine is of the Anzani type, and 
is being manufactured in two models, one developing 70 hp. 
and the other 100 hp. Complete national source of supply 
having thus been provided for the training branch of the air 
service, plans were made for the fighting matériel. 

Through an arrangement with the Hispano-Suiza Co. of 














Tue “ MicropLano” Scour, Firrep wirH a 150-Hp. Hispano- 
Suiza ENGINE 


ing school was established at Valbuena, near Mexico City, 
with Sr. Horacio Ruiz as chief pilot. For the tuition of the 
first pupils there was available a number of heterogeneous 
machines of American construction, such as Blériot and 
Morane type monoplanes, most of which had seen some service 
in the revolution. 

Eventually the need of a national source of supply became 
apparent and Colonel Salinas expanded the Valbuena aero- 
drome by the addition of a national aviation factory, the diree- 
tion of which was entrusted to Sr. Francisco Santarini, an 
Italian engineer and aviator. The first product of the factory 
was the Andhuac airserew which was especially designed to 
fulfil the trying requirements of the Mexican climate, that is, 
rarefied air prevailing on the high plateaus, and terrific heat 
m summer time. In the latter respect the difficulties encoun- 
tered by the American airplane squadron stationed in Texas, 
in 1916, were quite memorable, for the airscrews had to be 
kept during daytime in special humidors, lest they crack and 
the glue dissolve. 

The next step was the construction of primary training air- 
planes. The greater part of these were tractor biplanes, 
although a small number of monoplanes, including a Morane 
parasol type, were also built, apparently for purposes of 
comparison. The engines used hailed from different makers, 
such as Gnéme, Anzani, Renault, Curtiss, ete., none of which 
exceeded 100 hp. A dozen or so aviators were trained on these 





Sr. F. SanTarINi (IN THE MIDDLE), THE DIRECTOR OF THE 
MExIcAN AVIATION FACTORY 


Barcelona the rights of manufacture for their engines were 
aequired, and production of these high powered engines is 
soon to begin at Valbuena, if it has not already started. 
Machinery for this purpose appears to have been imported 
from Spain. 

The latest product of the aviation factory is a one-seater 
scout, called “ Microplano,” which is described and illustrated 
herewith by courtesy of Tohtli, the Mexican aviation magazine. 


Characteristics of the “ Microplano” Scout 


The “ Microplano” was built to the designs of Sr. Fran- 
cisco Santarini, chief of the aviation factory, and Captain 
Guillermo Villasana, chief of the Technical Section of the Avi- 
ation Department. Its characteristics are the following: 


Ovesall apam Coew MARE) occ ccccccsicccdscctecrescessdeene 8.00 m. 
eee OE TI Gs ao 6 0 00006 00600000 cess cevnseveseeswn 6.80 m. 
I cc aacaddcekceeraceeehbheede tek 54's e Oe 18 sq. m. 
ID (6.5.0 5 0.0:6.5:6<:0 445400460049. 54485200 JOR CREROROM 1.50 m. 
EP err rrer rrr Sere errr. 6.60 m. 
BoOee, MONOMER 200. cccescccccnceses ee Ne wee ook 190-210 km.p.h. 
OS Pr re re Te ee 650 kg. 
BPE EE, «5.5. 6:0. 0:6.0:4:0.0.9'9:0 0 0. 0.010.0:0:0'8 66.4.6:06459.040 Rao NORE 460 kg. 
REI, 56d sg 0:60.60 06nGm0r 046600456 00% 60RD eee 190 kg. 
68 p6.0:5.0:600 5 de bencsacettane dase die Hispano-Suiza, 150 hp. 
HE, 9566.0: 0-6016-5'45.6:0.405:4410544000sm0e008 Anahuac, high power type 


The Body.—The body is of rectangular cross-section, and is 
built up of wooden longerons and ecross-pieces, suitably trussed 
with wire stays. At the rear the four longerons taper into a 
fine conical end, and are connected with one another by means 
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of a common fitting of steel sheeting which serves as a base 
for the elevator and rudder axles. 

The Tail Planes.—The tail planes are entirely built of steel 
tubing, and are of the balanced type. 


The surface area of the 
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MEXICAN TRAINING BIPLANE, Firrep witH A 100-Hp. Gnome 
ENGINE 
elevators is 1.73 sq. m., that of the rudder, 0.76 sq. m. No 
fixed surfaces are carried abaft. 
The Wings.—The wings are built up of two wooden spars 
and ribs of the same material, and have a general Morane 
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aspect. The lower wings are fixed to the body by means of a 
universal joint, while the upper wings fit to a center panel 
which is carried by the body on two W-type struttings. The 
interplane connection on either side of the body consists of a 
pair of tubular steel struts which are slightly inclined to the 
outward, and of the usual lift and landing wires. Each wing 
structure weighs, uncovered, 10 kg., and is designed for a 
resistance of 140 kg. per sq. m. 

The Power Plant.—The power plant consists of a water- 
cooled, 8-eylinder Hispano-Suiza engine, developing from 150 
to 160 hp. at 1500 r.p.m., and a special Andhuac airserey, 

The Undercarriage-—The underearriage is of the V-type, 
with a divided axle sprung on rubber cord. 

The Control—The control is of the stick type, with a foot 
bar actuating the rudder. 

Taken as a whole, the “ Microplano ” strikes one as a highly 
interesting machine, which distinet originality cannot be de- 
nied in spite of the fact that its general outlay is visibly in- 
spired by the best French tendency in scout design. Considering 
that Mexican aviation, as a national industry, is only a little 
over two years old, one cannot withhold one’s admiration at 
the sight of the astounding progress achieved by our Southern 
neighbors in so short a time. 





The Artificial Seasoning of Wood* 


By Professor Percy Groom, D.Sc., F.L.S. 


The seasoning of timber is in essence a post-mortem process 
of drying conducted in such a manner as to permit of the 
wood being used as a structural material. It is necessary to 
emphasize the fact that the process is one conducted after the 
normal vital activity of the tree has been arrested, because it 
has been seriously but entirely erroneously urged in the courts 
of law that the term “mature” as applied to timber is a 
synonym of “ seasoned.” 

In order to devise perfect methods and apparatus for arti- 
ficially seasoning timber, it is necessary to understand the phys- 
ical principles determining the drying of any material and the 
practical application of these to ensure equable distribution of 
heat and moisture among the drying objects. But it 
necessary to have full knowledge of the structure and prop- 
erties of wood, as well as the effects induced in these properties 
owing to a change in the amount of water contained in the 
wood. 


is also 


Construction of Wood 


Wood is not a material; it is a structure, and varies in design 
and construction not only in the different kinds of timbers, but 
also in wood produced by one and the same species of tree. It 
is essentially composed of a material, allied to cellulose, that 
nay be termed wood-substance, which is excavated into count- 
less minute closed cavities of various shapes. 

The structural constituents of wood thus are all hollow and 
shaped like narrow spindles, tubes, or bricks; their solid parts, 
composed of wood-substance, are termed “ walls.” Those con- 
stituents mainly dovetail with one another and their long axes 
are mostly parallel to the original long axis of the trunk or 
branch of the tree. But this main grain of the timber is crossed 
at right angles by bands of weak brick-shaped constituents; as 
these bands in the original trunk run transversely in a radial 
direction, they are termed “rays.” Such rays are familiar as 
the cause of the silver grain of oak, beech, mahogany, and 
other woods. 

These various structural constituents may contain in their 
cavities air, water, and substances dissolved in water, small 
quantities of various solids and occasionally resin, which is 
often contained in specia! local spaces created by the local sep- 
aration of the structural constituents. The solid walls contain 

yvater and relatively small amounts of various complex organic 
substances. 

From the present standpoint a piece of wood may be re- 
garded as being composed solely of wood-substance, water, 
and air, for the other substances present represent only an 
insignificant fraction of the weight of the whole. 


Water in the Green (Fresh) Wood 


In the trunk of a sufficiently mature standing tree a consider- 


* Paper read before the Institute of Automobile Engineers, London. 





able amount of water is contained in the outer wood (sapwood) 
and usually a smaller amount in the central wood (which, when 
differing in color from the outer wood, is termed heartwood). 
For instance, in the Seots pine (red deal) the sapwood is on 
the average about four times as moist as the heartwood. In 
other eases (e.g., the oak) at times the sapwood and heartwood 
may contain almost equal amounts of water. 
The Drying of Wood 

The water present in the eavities (as opposed to the walls) 
can pass freely along the cavities and through the walls, so that 
when wood is dried this water readily evaporates, and a piece 
of wood containing more than 100 per cent (the percentage of 
water is best expressed as a percentage of the weight of the 
absolutely dry wood in which it was originally contained) of 
water is easily dried to a condition when the water is solely 
in the walls, and amounts to 25 to 30 per cent. Yet during 
the phase of drying, if the wood is being artificially seasoned 
at a high temperature, two opposite effects and defects may 
be induced so that ruptures arise in the wood. On the one 
hand, the rapid production of steam inside the closed hollow 
constituents that suffice to burst the little 
chambers open and cause large splits in the timber. On the 
other hand, the drying timber may collapse along its grain; 
this collapse may be due to the evaporation of water from the 
hollow closed constituent being accompanied by little or no 
admission of air, until a thin film of moisture remains lining 
the wall; this film, by its contraction due to surface tension, 
exerts on the wall a pull that culminates in collapse. 

After the evaporation of the water contained in the cavities, 
the remaining water is held with considerable foree by the wood 
substance (walls), which therefore may be loosely deseribed as 
being a hygroscopic material. Wood-substanee, like a number 
of other organic materials (glue, gels, and so forth), shrinks 
when it loses water, and swells when it absorbs water. Thus, 
at least in very thin drying picees, wood does not begin to 
shrink until it contains 25-30 per cent of water, and if it were 
possible to regulate the loss of water from a drying piece of 
timber so that evaporation was balanced by an equal flow of 
water from the interior, no shrinkage would take place until 
all the water in the eavities has been removed. Indeed, in the 
cases of many timbers no perceptible shrinkage takes place 
during the early phases of seasoning; when once the cavities 
have been depleted of water shrinkage begins, and is henceforth 
proportional to the amount of water lost. 

Assuming that a piece of wood, not too thick, has reached 
this critical point and is exposed to the atmosphere at normal 
temperatures, it will continue to give off water vapor until the 
water in the wood-substance (at any rate, at the surface) 18 
in equilibrium with the atmospheric moisture. This stage 18 
reached, in our country, in the open air, but under cover when 
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17-22 per cent of moisture is present. When brought into 
dryer outhouses, the wood becomes more fully seasoned and 
its humidity sinks to 13-17 per cent, while after being kept in 
rooms at least intermittently warmed, it attains a degree of 
dryness at which only 10-13 per cent of water is present. But 
in none of these cases is a final permanent degree of humidity 
attained; increase and decrease in the relative humidity of the 
atmosphere cause the wood respectively to absorb and emit 
water. It is partly to avoid such changes in the water-contents 
of wood, and the consequent changes of shape and size, that 
wooden articles are frequently coated with more or less im- 
pervious layers of varnish, paint, oil, paraffin wax, and so 
forth. nas 

These various percentages of moisture, therefore, indicate 
the degrees of humidity to be aimed at in the artificial season- 
ing for articles that are to be used in the corresponding situa- 
tions. Such is the usual rationale of the condition attained by 
naturally seasoned wood. ‘There are, however, considerable 
qualifications to be added. On the other hand, it is known 
that in houses massive beams of oak, hundreds of years old, 
have been found to contain much moisture at the center; it is 
also known that articles of oak, however well seasoned, when 
their surfaces are replaned “move” and may erack at the 
surface. Those facts suggest that at least certain kinds of 
wood tend to acquire a relatively impervious surface, and that 
the inner wood in thick pieces of timber always contains a 
larger amount of water than corresponds to equilibrium with 
the local atmosphere. 

Shrinkage and Warping of Wood 

The shrinkage or swelling of wood-substance (walls of the 
constituents) occasions corresponding changes in dimensions 
of a piece of wood. These changes in dimensions are not 
equal in different directions, and therefore tend to be accom- 
panied by changes of shape of the piece of wood. The cause 
of this lies in the het rogeneous structure of the latter. The 
elongation of the constituents along the grain causes a distine- 
tion between the transverse and longitudinal structure. The 
oceurrence of the rays, and the concentric construction of the 
successive layers of wood, evoke differences in circumferential 
and radial structure. Shrinkage and swelling are unequal in 
all these cardinal directions; along the grain (longitudinally), 
and transversely in the radial and cireumferential (‘ tangen- 
tial’) direetions. 

The fibers and other structural constituents of wood, like 
vegetable films in general, shrink and swell much less along 
their long axes than traversely. In drying from the green to 
the fully seasoned condition, wooden rods cut along the grain, 
transverse-radially, transverse-tangentially, usually show re- 
spectively the following shrinkages recorded in percentages of 
the original length, 0.1, 0.6, 0.6. The greatest cause of warp- 
ing and splitting during drying is the disproportionately large 
circumferential (tangential) shrinkage when compared with 
radial shrinkage. 

If we consider the seasoning of the trunk of a tree, it might 
appear impossible to secure this without the wood splitting, 
since the circumference tends to shrink twice as much for each 
end of length as does the resin. But wood is both extensible 
and plastic, so that a beam loaded at the center acquires a 
permanent set; hence it is possible to season wood without 
distortion or splitting, despite the tendency toward differential 
contraction. 

If a piece of wood be dried too rapidly, so that the outer 
layers tend to shrink too quickly when compared with the inner 
wood, one of the following results ensues: either the piece 
warps or splits at the surface, cr it undergoes a change known 
as case hardening, or there is a combination of these effects. 
Case Hardening 


Case hardening is almost universal in wood that has been 
seasoned too rapidly in a drying kiln. The name is appro- 
priate, because where these defects exist the wood at and near 
the surface is different from that lying within, and, so to speak, 
forms around this a hard case. The wood is harder than if 
properly seasoned. It may or may not display superficial 
cracks or internal cavities that are pointed oval in a section 
across the grain of the wood. When such wood that has been 
fully dried throughout is planed along one face, it bends, be- 
coming concave on the newly exposed surface, or if it be sawn 
through the middle, the two halves bend so that the fresh sur- 
faces are concave. If, however, the hard case possesses well- 
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developed cracks these curvatures do not take place. The 
rationale of these phenomena is as follows: 

During rapid drying the superficial wood dries more rapidly 
than the water is supplied to it from within. It therefore 
tends to shrink, but its contraction is opposed by the internal 
wood, which has not lost sufficient moisture to cause it to 
shrink at the same pace (if at all). The inner wood, therefore, 
is in a condition of compression, while the outer wood is in 
tension. The latter being ductile resists rupture, but acquires 
a permanent set. The hard case of wood thus formed opposes 
the outward passage of water, so that the internal wood dries 
more slowly, and accordingly tends to shrink more. 


Eventually a stage is reached when the inner wood has lost 
so much water that it tends to contract more than did the outer 
wood, so that the conditions of stress are now reversed, the 
outer wood being in compression and the inner in tension. 
As a consequence, at this phase internal splits may arise and 
widen out to form the oval “ honeycomb ” cavities already men- 
tioned. 

Wood completely dried continues to retain this peculiar 
stressed condition (excepting in so far as it is relieved by 
splits), and therefore bends instantly as it leaves the saw or 
planing instrument. Such bending differs from warping, 
which is caused by lack of uniformity in the distribution of 
moisture at the time of bending, and is the gradual result of 
differential tensions caused by subsequent drying. 

A suecession of the two kinds of bending takes place if a 
piece of wood in the first stage of case hardening be sawn 
through; for the newly exposed inner damp wood, liberated 
from its condition of compression, elongates, whereas the hard 
‘case’ remains constant in dimensions, with the consequence 
that the freshly exposed surface becomes convex. But as the 
wood dries the convexity changes to straightness, and finally 
to coneavity as the damp wood dries. During the initial stages 
of case hardening, shallow cracks may arise in the outer hard- 
ening wood and partially relieve the tension. Such eracks may 
be subsequently closed in the second stage, when the hard case 
is in a condition of compression. of 

Warping and Splitting seal 

The elementary facts in relation to the different amounts of 
shrinkage in the three cardinal directions fully explain such 
phenomena as the lack of warping in quartered or rift-sawn 
wood, the excessive warping or splitting of wood with curved 
grain (including burr wood), and partly justify the use of 
three-ply wood. Yet there remain many problems requiring 
solution as to the proneness of certain kind of timbers to warp 
or split, and to the causes determining whether a wood shall 
merely warp or merely spilt, or display both these defects. 

Mention may now be made of a special additional ease il- 
lustrating the effect of the mode of cutting timber in determin- 
ing whether or not the latter will be successfully kiln-dried. In 
certain types of exotic timbers, the grain, in place of being 
straight, runs in successive layers alternately in right-handed 
and left-handed spirals, with the result that in a bastard-cut 
board the grain is not only oblique, but also appears to be 
interlocked. Such wood is truly eross-grained. A _bastard- 
sawn board, when rapidly dried, is apt to twist, because longi- 
tudinal shrinkage on each face is least along the direction of 
the prevailing grain. When the effects on the two faces of 
the board agree in sense, a twisting couple is established. The 
prevention of this lies in cutting the trunk radially into boards 

1.c., producing solely quarter-sawn boards. 

Amount of Shrinkage 


Under like conditions the shrinkage (or swelling) of differ- 
ent kinds of timbers, of different samples of the same timber, 
or even of the various constituents of one piece of timber, is 
not the same. Taking the last ease first, certain softwoods 
(coniferous timbers), when properly kiln-dried, or when in- 
stalled in an incompletely seasoned condition as panels, become 
ribbed along the grain. The ridges and furrows correspond te 
alternating layers of light spring-wood and heavy summer- 
wood which have shrunk unequally. 

It is often alleged that heavy woods shrink more than de 
light ones. This statement, though not devoid of some founda- 
tion, is often opposed to the truth. But to understand the 
matter fully it is necessary to consider the precise signifieanee 
of the terms “ heavy ” and “ light ” as applied to woods. 

Wood-substanece composing the solid framework of all tim- 
bers is, within very small limits of variation, invariable in 
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specific gravity (1.56), being slightly more than half as heavy 
again as water. Hence, in comparing two pieces of wood of 
equal volumes and deprived of all water, the one is heavier 
than the other (almost) solely because it contains more wood- 
substance and less air. Consequently, when two pieces of 
wood of different (apparent) specific gravity, but containing 
the same percentage of water, are being seasoned, the amount 
of water lost during drying down to the same percentage of 
humidity is proportional to the apparent specific gravities of 
the two woods when absolutely dry. Thus for this reason alone 
a heavy wood seasons more slowly than a light wood under 
identical circumstances. Obviously, also, if a heavy wood and 
a light wood are first deprived of all the water in their cavities, 
subsequently the comparative amounts of shrinkage of the 
wood-substance of the two will be proportionate to their (dry) 
specific gravities, assuming that they ultimately contain the 
same percentage of water. This might cause us to anticipate 
that a heavy timber would shrink more than a light one. 

Moreover, it has been found that specimens of wood rapidly 
dried in an oven at a high temperature shrink less than speci- 
mens of the same kind of wood that are dried more slowly. 
This fact (which as a generalization requires confirmation) 
might lead us to anticipate that the slowly drying heavy timber 
would shrink more than the more rapidly drying light one. 
But these anticipations leave out of count the fact that the 
minute architecture of different timbers varies widely. Thus 
the generalization in reference to the great shrinkage of heav- 
ier woods is not true. It is, however, the fact that the lighter 
softwoods season more rapidly and shrink less than the heavier 
hardwoods. Moreover, the shrinkage of different samples of 
the same kind of wood, and to some extent of different kinds 
of timber that are structurally very similar, is often propor- 
tional to the apparent specific gravity. The light-weighted 
wood of Weymouth pine (Canadian white or yellow pine) 
shrinks less than the heavier Scots or Baltic pine (red deal) ; 
in this case probably also because the former is richer in resin, 
which decreases shrinkage. 

The preceding remarks at least partially explain why soft- 
woods (coniferous timbers) are more easily and rapidly sea- 
soned than are hardwoods, without inducing distortion and 
eracking, and why the seasoning can be conducted safely at 
higher temperatures in the case of the former timbers. 

The structure of softwoods is relatively simple, for the tim- 
ber is mainly composed of spindle-shaped fibers, which differ 
among themselves almost solely in that the spring-wood fibers 
have wider cavities and thinner walls than have those of the 
summer-wood. Moreover, the rays crossing these fibers at 
right angles are extremely thin, and consequentlv disturb the 
straight course of the fibers to a minimum extent. 

Hardwoods, on the other hand, are complex in structure, and 
consist of various structural constituents that vary greatly in 
shape, width and thickness of wall. These include long thin- 
walled relatively wide tubes, varied fibers, and very short, often 
thin-walled, brick-shaped constituents. Crossing these are the 
rays, which may be so thick (e.g., in oak) as to necessitate 
the curving of the grain round their flanks. 

Objects and Effects of Seasoning 


The objects and effects of seasoning wood are: 

1 To decrease its weight. 

2 To decrease its shrinkage, warping, and splitting when the 
wood is utilized for its final purpose. 

3 To increase its strength (especially in compression), its 
limit and its co-efficient of elasticity, and its hardness (when 
measured by indentation). 

4 To decrease its pliability and toughness both below and 
above the limit of elasticity. 

5 To increase the power of resistance of the wood to decay. 

A piece of timber by its loss of water during seasoning may 
lose more than 50 per cent of its original weight, and may gain 
100 or even 200 per cent in strength. But when the seasoning 
process is carried far, however earefully this be done, wood 
tends towards brittleness. On the other hand, if one wishes to 
increase the pliahility and plasticity of wood, one heats and 
moistens it, so that prolonged treatment with steam renders 
wood very pliable and plastic, an. thus tends permanently to 
rob it of a portion of its elasticity. The significance of these 
facts will be evident when the different processes of artificial 
seasoning are considered. 

Natural and Artificial Seasoning 
In natural seasoning, the sun’s rays constitute the source of 
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heat, and natural atmospheric currents contribute to the dryj 
process. In correspondence with the variation in climate 
weather, the process is irregular and unregulated, sometimes 
being in abeyance and at some other times being too rapid, 
The timber is, consequently, liable to warp and split, to under. 
go decay, or to be attacked by boring insects. Yet natural 
seasoning, despite of its wastefulness and long duration, fag 
one advantage: it yields wood mechanically superior to wood 
that is artificially seasoned by any but the best processes. 

Artificial seasoning usually takes the form of kiln-drying, in 
which the source of heat is artificial, and drying may be aided 
by artificially induced currents of air of regulated humidity, 
When properly carried out it saves not only time but algo 
material, and may yield wood perfectly suited for its ultimate 
purposes. In the past, however, artificial seasoning has been 
mainly applied to wood destined for use in furniture and other 
objects, in which standing qualities were the main feature 
aimed at, and in which mechanical defects, such as brittleness, 
were not of paramount importance. It may be stated now 
that, although artificial seasoning has been so successfully ap- 
plied to certain kinds of timber that there is no evidence of 
any inferiority to naturally seasoned wood, much research and 
experiments will be required before we know how to accom- 
plish this in the most safe and efficient manner in connection 
with other timbers. 

Artificial Seasoning—Four means of regulating the evap- 
oration of water from timber are available for use: 

1 Supply of artificial heat. 

2 Production of air currents. 

3 Regulation of the humidity of the air. 

4 Regulation of the pressure of the air (rarefaction). 

Exeesses in any of these is liable to cause the wood to be 
damaged or to delay the seasoning. 

Early in the history of mankind the seasoning effect of 
artificial heat must have been discovered, for green sticks held 
in front of a fire become hard and strong, while various articles 
made in primitive fashion in the forest of freshly-felled beech 
are even in modern times hardened by holding them in the 
fumes rising from burning wood. 

From such primitive beginnings there is but a slight step to 
the earliest types of drying kilns, in which the timber was con- 
tained in a room at one end of which was a furnace that was 
separated from the timber only by a screen; or the room pos- 
sessed a perforated floor below which was a furnace burning 
sawdust, shavings and fragments of wood. Obviously in such 
eases, although ventilating chimneys were provided, uniform 
distribution of heat and uniform drying were impossible, and 
the wood near the source of heat dried too quickly and was 
largely spoilt. 

Relatively ineffective was the mere placing of the heating 
arrangements outside the drying chamber, for again the timber 
packed towards the center dried more slowly than that outside. 

Stewing or Prolonged Steaming of Wood 

Before passing to the more modern types of seasoning kilns 
mention may be made of another process of dealing with green 
wood by means of heated water-vapor with no ventilation. 
The pieces of wood are piled directly on one another in a cham- 
ber that ean be hermetically closed. After closing the chamber 
hot water-vapor, at a temperature above 30 deg. C., is ad- 


mitted from numerous holes in a tube. This vapor penetrates 
the wood, condenses, and causes an outflow of colored sap, 
which sinks into the concave floor of the chamber. When the 


requisite pressure has been attained the steam pipes are closed 
for four or five hours. Thereafter the colored thick brown sap 
is evacuated through an outflow pipe. The process is repeated 
until the sap flowing out and condensing is colorless; this stage 
being reached in four to five days. The door and eseape shaft 
are opened to admit a free current of air and to allow the wood 
to cool. Thereafter the wood is transferred to a drying kiln or 
allowed to dry for a longer time at normal temperatures. 

The wood thus treated is seasoned in about four to five 
months instead of the two or three years that would be re- 
quired for natural seasoning. Its properties are changed: 
sometimes its color is clearly modified, it is easier to work, 
warps less, and is said to possess increased powers of resisting, 
not only decay, but also attacks by insects. The treatment 1s 


akin to the prolonged steaming process by which beech wood 
is so changed that it loses its natural tendency to warp and 
split and acquires such redness of color as to facilitate its use 
as a substitute for mahogany. 
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Such processes of steaming are quite different from, and 
more prolonged than, those employed in rendering possible the 

ermanent bending of beech and ash, or permanent compres- 
sion of oak for railway keys. 

The change in color that may take place in drastically 
steamed woods is thus accompanied by change in the properties 
of wood. These easily detected modifications are at least often 
paralleled by changes in the chemical composition of the 
steamed wood. Mere boiling water relatively soon breaks 
down wood-substance partially and causes the production of 
cellulose (ep. cotton wool), and hot steam occasions the same 
chemical degradation. 

Thus, in considering the possible effect of steaming processes 
freely employed in certain drying kilns, it has to be remem- 
bered that steaming tends to soften wood, renders it tem- 
porarily pliable, and so robs it of its elasticity as to make it 
into a plastic material. 

Mechanical Effects of Different Methods of Heating Timbers 

Having considered the more obvious effects of the applica- 
tion of dry heat and of steam on wood, it is possible to view in 
greater detail some results obtained in experiments performed 
under the auspices of the Forestry Service of the United 
States on woods to which heat and moisture were applied in 
various ways. The accompanying table gives some of the re- 
sults obtained :— 
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The significance of these results, particularly in relation to 
speeding up of artificial seasoning processes, is obvious, but 
is of limited scope, since these tests were merely static and 
gave no indication as to the shock-resisting powers of the 
treated woods. Tiemann, however, in giving an account of 
this research, states that the woods subjected to the high tem- 
peratures were more brittle than naturally seasoned. 

Another effect of most of the treatments recorded in the 
table was that the woods treated subsequently showed reduced 
warping and shrinkage when compared with naturally sea- 
soned wood. An abnormal darkening of the color of the wood 
was evident, especially when high temperatures were used. 

Before passing away from the consideration of the effect of 
damp air upon wood, it may be mentioned that when the air is 
damp but merely warm, not only is the desiccating action low 
or non-existent, but the conditions favor the growth on the 
wood of molds and more virulent wood-destroying fungi. And 
there are on record cases in which seasoning timber or the 
woodwork of kilns have been damaged through this cause. 

It is now obvious that each kind of timber must be treated 
in a special manner, and that the precise seasoning treatment 
of one and the same kind of timber will vary with the dimen- 
sions of the pieces to be seasoned and with the amount of water 
that they contain. Moreover, one piece of wood may consist 
partly of sapwood and partly of heartwood, and the latter will 



































White Ash Loblolly Pine 
Nature of Treatment — 
Tempera- Duration Com- Com- Bend- | Bend- Duration Com- Bend- 
} ture, of Treat- pression, pression, ing, ing, of Treat- pression, ing, 
Fahr. ment Dry Soaked Dry Soaked ment Dry Dry 
OE ree ee ‘ 145 25 days (c) (c) (c) (a) 5 26 days (c) (b) 2 
OS Sree saan : 170 ; + oe a 8 days* ie (b) 6 
OS Te Pee p 200 3 days* { (b) 5 
ic thce ein seanewan a es _ 250 ‘a me - isi os 6 hours* (c ne 
Saturated steam...... erie 212 1 hour (c) (c) oi os 1 hour (c) a 
Saturated steam............... ; 212 4 hours (c) (c) (c) (b) 2 4 hours c) (c) 
Saturated steam, 90 Ib...... 331 1 hour (b) 27 (c) ae ee 15 min. (b) 9 “ 
Saturated steam, 90 lb.......... 331 5 min. (b) 4 (c) (b) 3 (c) 4 hours (b) 42 sl 
Saturated steam, 30 Ib.............. 274 Pa - ha - ae 4 hours (6) 11 (6) 10 
Exhaust steam............... ; ; 145 19 days (c) (c) (c) (c) 22 days (c) (c) 
Exhaust steam.............. pee 145 \ re ip a ne a {33 days | (b) 2 
I 6 oct sts: 60d ttich aide eceian 170 i 2 days } 
Superheated steam at atmospheric 
pressure. lata an Weare weed ae 274 4 hours (c) (c) 
Superheated steam at atmospheric | 
pressure. . eae aoe ; 331 6 hours (c) (b) 3 ap ss 
Superheated steam at 30 lb. pressure. 298 5 P 4 hours (b) 8 
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In the columns headed * Compression ” and “ Bending” are 
given the percentage changes in strength when compared with 
the wood naturally seasoned to the same degree of humidity: 
(a) denotes a gain in strength; (b) a loss; (c) no change. The 
columns headed “ dry ” refer to wood which was first naturally 
seasoned, then in this condition was subjected to the particular 
treatment indicated, and thereafter finally naturally seasoned 
for one year, and finally tested. The columns headed “ Soaked ” 
refer to wood which was naturally seasoned, then soaked with 
water, and in this wet condition was subjected to the treatment 
indicated, and subsequently tested after a year’s natural 


seasoning. 
The results of these tests may be summarized as follows:— 
Exposure to a temperature of 145 deg. F., with dry air or 
exhaust steam, for nineteen to twenty-six days had little effect 


on the compressive or bending strength of the two timbers. 
An additional couple of days in exhaust steam or an addi- 
tional eight days of dry heat at 170 deg. F. evoked signs of 
weakening. 

Shorter exposures to saturated steam at 212 deg. I. 
to four hours) or superheated steam at atmospheric pressure 
at temperatures 274 deg. F'. and 331 deg. F. (for four and six 
hours respectively) caused no injurious effects. 

But immediately that saturated or superheated steam at high 
temperatures, with the pressure at 30 lb. or more, is applied, 
weakening of the timbers quickly ensued. In saturated steam 
at 274 deg. F. at a pressure of 30 lb., pine was in four hours 
weakened about 10 per cent; at 331 deg. F. and 90 lb. pressure, 
ash was in five minutes weakened 4 per cent, and in one hour 
27 per cent; while the pine was weakened 9 per cent in fifteen 
minutes and 42 per cent in four hours. 

But when the ash was subjected in its soaked condition to 
saturated steam at 331 deg. F. with the pressure at 90 lb., no 
ill effects resulted; yet under the desiccating influence of super- 
heated steam at the same temperature, but at atmospheric pres- 
sure, a weakening took place. 
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dry more slowly than the former. Moreover, no two planks 
from one tree contain the same percentage of water, and a 
single plank may show considerable inequalities of moisture 
along its length and always does show such inequalities at dif- 
ferent distances from the surface. 

Considerable amount of experiment and research will have 
to be undertaken before the practical solution of these diffi- 
culties is accomplished for various kinds of woods. 

It is, however, evident that in a kiln it is necessary to ensure 
approximately equal heating of all the pieces of wood and 
equable removal of water from them. These aims are best 
accomplished by the supply of hot air that shall be freely sup- 
plied to all points of each piece of wood. Two methods widely 
differing in design are in use:— 

1. In one the timber is ranged in layers tier upon tier, each 
being separated by a short distance from a corresponding layer 
of steam-heated pipes. Here the air is heated inside the kiln. 

2. In other types hot air is admitted to the kiln from the 
floor or walls or from the end. Most of the modern kilns be- 
long to this type and may be ranged into two sub-types :— 

(a) The chamber or compartment type 
(b) The progressive or tunnel type 

The chamber type is illustrated by the Sturtevant kiln, which 
in its eompletest form has three main air-distributing duets, 
supplying respectively warm dry, cold dry, and moist air. 
Branch ducts from each of these connect with each department 
or chamber, if there be more than one of these; the supply of 
air is regulated by dampers. The process of drying is as 
follows :— 

1. Admission of moist cool air 
2. Maintenance of humidity while the temperature is 
raised 
3. Deerease in the relative humidity of the air and 
further rise of temperature. 
Cireulation of the air is secured by fans, one of which takes 














168 


fresh air, a part of which passes into the cold air ducts, and 
the rest passing through the heater and thence to the hot air 
duct. Another fan takes moist air from the chamber contain- 
ing the wood and conveys any required amount of it to the 
moist air duct. Additional moisture may be liberated in the 
drying chamber by means of sprays. 

Kilns of the compartment or chamber type are well fitted 
for simultaneously seasoning pieces of wood of various 
dimensions and even of different kinds. It is simple also to 
use in them autographie recorders of the temperature and 
humidity, so that model charts can be constructed to serve as 
guides for future operations. -One other advantage is that the 
air currents are under control in all weathers and at all 
seasons. 

In the tunnel type of kiln the timber is placed on trolleys 
and is moved forward along the tunnel day by day in the face 
of a current of air that meets it. This current of air is driest 
as it enters, and gains in moisture as it passes over the season- 
ing wood, and, therefore, moistened as it leaves the tunnel at 
the other end, where each batch of timber enters. In the 
modern Erith progressive dryer the air entering near the dis- 
charge end comes from below and descends at the end at which 
the timber is admitted, so that the circulation of air is rotary; 
a shaft permits the exit of excess of moist air. This system is 
especially valuable where large quantities of the same kind of 
timber of equal dimensions have to be seasoned. 

The temperatures used vary from 70 deg. F. up to nearly 
232 deg. F., according to different customs, and according to 
the purposes for which the wood is destined; the higher tem- 
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peratures are especially used in seasoning softwoods (egg). 
ferous timbers). 

It may be noted that experiments have been made on seagop. 
ing with rarefied air, but do not appear to have resulted in the 
evolution of any commercial kiln. 

The account of seasoning of timber-would be incomplete 
without mention of certain preparatory treatments sometimes 
adopted as a preliminary to either natural or artificial geg. 
soning. 

Timber is sometimes soaked or stored for a long time jy 
water. This washes out some of the constituents, and therefore 
renders the timber less hygroscopic. It tends, therefore, to 
eause it to shrink slightly more, but swells slightly less than jg 
normally the ease. 

Sometimes timber is soaked in salt water or treated with 
hygroscopic salts, such as commercial magnesium sulphate, or 
with a saccharine solution. Treatment with hygroscopic salts 
tends to reduce shrinkage but increase swelling. 

In one process of soaking with saccharine solution, known 
as Powellizing, heat is the agent employed to induce penetra- 
tion of the sugar. 

In so-called “ senilization ” of wood solution of magnesium 
sulphate or other substances are caused to enter by continuous 
or alternating electric currents. 

It is conceivable that the soaking with hydroscopie sub- 
stances renders it possible to employ more rapid methods 
of drying without deleterious results; but this has not 
been demonstrated and therefore remains to be _investi- 
gated. 


The Fan Dynamometer 


The brake horsepower of an engine is often measured by 
means of an absorption dynamometer. An absorption dyna- 
mometer may consist of a fan, mounted on the engine to be 
tested, the blades of which absorb a certain amount of power 
while being revolved in the air. 

The brake horsepower may be computed as follows: 


ape cai 
B.hp. = aeeien = a 

(12)33,000 63,000 
Where N is the revolutions per minute of the engine tested 
and is easily measured; 33,000 is the equivalent of a horse- 
power in ft. lb. per min.; 7 is the torque or turning moment 
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Fig. 1 


in inch lbs., exerted by the engine shaft on the fan, and as 
the fan is rotating at a uniform angular velocity, is equal to 
the torque exerted by the air on the fan in resisting its rotary 
motion. 

It is evident that the value of T depends on a number of 
quantities having to do with the angular velocity and the shape 
of the blades. 

A fan dynamometer is simple in appearance, consisting of 
two paddle-shaped blades clamped at right angles to the engine 
shaft and separated from each other by 180 deg. The blades 
of course may be of any shape. Although square blades are 
usually used, round blades are to be preferred as they are much 
easier to make accurately and need no special care in align- 
ment. The arms of the fan may be made of ash and the 
blades of birch ply-wood. 

The torque can be-divided up into two parts; that due to 
the arms alone and that due to the blades alone. Tests show 
that the torque due to the arms alone (7a) may be given with 
s ‘fficient accuracy by the formula: 

Ta (inch lbs.) = .35 & 10° « N’* (Ra)* tw 
Where « is a coefficient depending on the section of the arms 


as given in Fig. 1; N is the r.p.m.; Ra is the radius shown in 
Fig. 2 (in inches) ; ¢ is the thickness of the arms in inches and 
W is the density of the medium in which the fan rotates. 
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Fig. 2 


—_ PO 
W (for air) = 2.7-—— 
Lave ; 
Where P equals the absolute pressure of the atmosphere im 
lb. per sq. in. (barometer reading times .469) and Taps is the 
absolute temperature in degrees Fahr. (459.5 plus thermom- 
eter reading). 
Tb, the torque due to the blades alone, can be given by 4 
similar expression : 
Tb (inch lb.) = KN’? B* S° W 
In this case R is the external radius of the fan in inches. S is 
length of one side of a square blade or the diameter of @ 
round one, in inches. N and W have the same significance a8 
in the equation for Ta. K is a coefficient depending on the 


R 
value of 7 and the shape of the blade. 


(Ta-+ Tb) N 
Bis. «= 2622 
hp 63,000 
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A little thought will show why 7a and 7b vary according to K is not as-easily determined as the above quantities, but 


the above expressions. The torque is proportional to the area. must be determined by experiment for different shaped blades 
This brings t and ta into the expression for Ta and S° into and varying ratios of R to S. 

the expression for 7b. The pressure of the air on the fan The chart, Fig. 3, shows a reliable set of curves for square 
would vary directly as the mass of air acted upon. This and round blades. As a point of interest it might be noted 
brings VN, R and W into the equations. The pressure also that the value of K for round blades approaches .7854 of the 
depends on the change in velocity imparted to the air by the value for square blades, showing that K varies as the area for 
blades and as theoretically the air is turned through 90 deg., large values of R/S. 


the pressure must vary as N and R again. The other R By means of the chart and the above equations, calcula- 

comes in because the torque depends upon the location of the — tions for the proper size of fan may be made when the ap- 

air pressure with respect to the axis of rotation. proximate engine speed and horsepower output are known. 
% 
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The Hudson Aero-Engine 


The 10-cylinder, radial, air-cooled engine, illustrated here- 
with, has been developed on the Pacific Coast during the past 
seven years by the Western Aero Motor Co., to the designs of 
John W. Hudson. 

The Hudson engine has ten air-cooled, steel cylinders of 
4%% in. bore, arranged annularly in two sets of five, the cylin- 
ders of the second set being placed so that they come between, 
though back of, the cylinders of the first set, and hence receive 
in flight the full blast of air. 

















Sipe View of THE HuDSON ENGINE MOUNTED ON A MONOPLANE 


The cylinders have the usual steel flanges cut upon them 
and are provided with cast iron liners in which the pistons, 


also of cast iron, fit with a liberal clearance. The liners pro- 
vide a better wearing surface of the same kind of metal as the 
pistons and there is not the liability of pistons seizing that 
there is when steel cylinders alone are used. 

The five connecting rods of each set of cylinders are pivoted 
to a master ball-bearing on the crankpin, and ball-bearings 
are also used at each end of the crankshaft. The engine is 
lubricated by a force-feed oiling system, oil being pumped 
through the hollow crankshaft by means of a gear pump. All 
the wrist pins and cylinders receive oil through the hollow 
connecting rods. 

The use of ball-bearings in aeronautical engines is becoming 
more general. The bearings in this particular engine are said 
to have run 200 hr. without showing sign of wear. 

Generous-sized intake and exhaust valves are located in th 
eylinder heads, all the valves being operated from two large 
cam rings on the crankshaft. Special twin pusher rods and 
rocker-arms operate the exhaust valves, while a single rocker 
and push rod between them operate the intake valve. There 
are five intake pipes. The gas passes from a special ear- 
bureter through the hollow crankshaft into the crankease, 
whence it goes through the five intake pipes to the cylinders. 

The cooling effect of the evaporating gasoline is very marked 
and has much to do with the proper cooling of the engine. 
The carbureter is of the floatless type. It has a positive needle 
valve that feeds the fuel as required. Both a throttle and aux- 
iliary air valve are connected to this needle valve. The whole 
device is positive. 

The Hudson engine develops 100 hp. at 1200 r.p.m. and 120 
hp. at 1500 r.p.m. Its weight complete is 300 lb. or three 
pounds per horsepower. 

The fuel and oil consumption is claimed to be but six and 
one gallons an hour, respectively. 
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The Flying Boats of the R. N. A. §, 


When the Admiralty representative in the House Of Coy, 
mons was challenged to mention the name of anyone in 
Royal Naval Air Service who had ever produced an ai a 
which had been of use in war, the only name he conld »; 
was that of Comdr. John Porte, R. N. If the challenge jy 
been to mention anyone whose design might have been of 
says The Aeroplane, he could have mentioned Flight.dge 
mander Dyott, whose twin-engined biplane flew well, and ants 











Front View OF THE Hupson ENGINE WITH ITs ENGINE Pum 


dated both the Handley-Page and the Gotha. Or if que 
tioned as to future possibilities he might have mentioned th 
designer of a miniature machine produced by the Royal Navi 
Air Service experimental station, though probably he woul 
not have done so. However, as things were, Conthande 
Porte’s was the only name available. 

Everyone interested in sea-flying, friends, enemies and net- 
trals alike, knows of the existence of the Porte flying bos, 
though one hopes that the enemy does not know all the detail 
thereof. It must suffice, therefore, to say that what the 
Handley-Page, the Riesenflugzeug and the Caproni are to lani- 
going airplanes, the Porte boat is to the seaplane. 

From a discouraging American experiment it has becom 
a great British—or rather Irish—suceess: for Commander 
Porte is as Irish as if his name had been O’Sullivan, and le 
comes from the same county. What the Porte boat has dove 
against submarines and airships, with equal facility, may 00 
be told till after the war, but one may safely say that it bas 
more than made good; it has proved itself one of the mos 
valuable British weapons. As an airplane it is of exception 
capacity, and as a boat it assures the safety of its crew wha 
a seaplane of the ordinary type would guarantee for them! 
liquid end. : 

The Porte boat is one of the few aerial vehicles which ® 
certain of a future immediately after the war, and no matie 
the war may end, for as a means of navigation over the 
waterways of unorganized countries, such as South Amerit, 
Africa and Asia, and even many parts of Europe and At 
tralasia, it ean be made available at once, while the lol 
people are making up their minds whether to lay out labor® 
aerodromes for land-machines or not. Pending the arrival ot 
the absolutely reliable aero-engine, the big flying-boat is t 
solution of the trans-oceanie and trans-marine problem, ¢p 
cially if combined with the “super-marine” wing-slippi™ 
arrangement. 
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International Aircraft Standards 


TABLE 1.—DIMBNSIONS AND TOLERANCES FOR PLAIN HBXAGON H#AD BOLTS 
A. 








4p3—Specifications for Plain and Ball Head . « Pitch diameter.— Minimum 
Bolts for Aircraft Diam- Threads Maxi- Mini- Maxi- Mini- - - breaking 
Gaxenar—1. The general specifications, jc, erineh. um ak, Tnoh mah; Ich, Th, Pound 
1G1, shall form, according to their ap- 9164 32 0.164 0.160 0.1460 0.1440 0.312 0.125 1,170 
li ability, a part of these specifications. 0.190 32 0.190 0.186 0.1680 0.1660 0.375 0.125 1,680 
Mimi These totts are to be used in $338 6 $2 $8 Bag fumes SANS aa lms 
jane construction. 0.312 24 0.312 0.308 0.2854 0.2833 0.500 0.188 5,070 
P —8. These bolts shall be 0.375 24 0.375 0.571 0.3479 0.3457 0.562 0.219 7,860 
MATERIAL.—3. 
lloy steel conforming to I. A. 9487 20 0.437 9.433 0.4050 0.4027 0.687 0.250 10,610 
made of alloy § sn 60.500 20 0.500 0.496 0.4675 0.4651 0.750 0.281 14,510 
g, B. specification 383. The bolts uk Ma. Mm. Mm. - Mm, im. Mm Ktlogms. 
-treate 4.17 32 4.17 4.07 3.708 ; ‘ i 
Spmechined preferably from heat-trea 4.83 32 4.83 4.73 4.267 4.216 9.52 3.17 740 
cold-drawn bars. They —— _ be pa ets 32 5.49 5.39 "902 4.851 9.52 3.17 1,020 
perplated in a cyanide bath and then 6/35 28 6.35 6.25 -760 5.710 11,11 3.97 1,420 
ee oo eS hCUe $52 oa2 aast ais, «14:39 36 3370 
ceed 0.001 in. (0.0254 mm.) in thickness. 47°75 20 11.11 11.01 10.287 10.229 17.46 6.35 4;830 
Heat TREATMENT.—4. —— — — 12.70 20 12.70 12.60 11.870 11.810 19.05 7.14 6,600 
trea rs s 
ee, rerewe bars, the TABLE 2.—DIMBNSIONS AND TOLERANCES FOR BALL H»xaGon Hap Botts 
shall be heat treated after machining to > pa ty te Be patent 
give the required physical properties. Diam- Threads Maxi- Mini- . ini- breaking 
PHYSICAL PROPERTIES AND TESTS.—5. eter. perinch. mum mum. mum. mum. B. M. load. 
te ols must have the following physt- $4 "gy fhs Anh ah, itty, Sisty ty Pant 
cal properties : 0.190 32 0.190 0.186 0.1680 .166 0.375 0.172 1,630 
Aa Test.—(a) The breaking load 0.216 32 0.216 0.212 0.1930 0.1910 0.375 0.172 2,240 
fe head and ut shall not be less than Sar 333g SM Gaus Suet GNP Sars P8a8 
the area of the root of the thread multi- 0.437 20 0.487 0.438 0.4050 0.4027 0.685 0.359 10,610 
plied by 100,000. The minimum breaking 0.500 20 0,500 0,496 0.4675 0.4651 0.750 0.875 rht510 
m. ™m. ™m. ™. m. m. m. le 
loads calculated in this manner are given 417 32 4.17 4.07 3.708 8.658 7.98 4.27 9530 
in the tables below. 4.88 32 4.83 4.73 4.267 4.216 9.52 4.37 740 
Bend Test—(b) The bolts shall with- 5.49 32 5.49 5.89 4.902 4.851 9.52 4,87 1,020 
6.35 28 6.35 6.25 5.760 5.710 11.11 5.16 1,420 
stand being bent cold through 180 degrees 7.93 24 7.93 7.88 7.249 7.196 12.70 6.35 2,300 
FS ge Re dee ae: a Se Se $43 atts 
° ° A le le nh le Oe 
diameter of the bolt. If the bolt is not 15:75 20 12:70 12:60 11.870 11.810 19.05 9.58 600 


long enough to be subjected to this test, 








the threaded portion must withstand being 
bent cold through 35 degrees. 


DELIVERY, PACKING, AND SHIPPING.—7. 
The bolts shall be delivered in boxes of 











bility, a part of these specifications. 
Use.—2. This wire shall be used for 
locking nuts and turnbuckles. 


4 Laos MATERIAL.—3. The wire shall be manu- 
‘ =. — rng A I. a S. B. standard 
T maa innit) steel No. or No. . 

% [ tT ‘UN MANUFACTURE.—4. The wire shall be 
vis , pans furnished in the soft-annealed condition, 
as rar 7+ and shall be evenly and smoothly galvan- 
' | 


+ 0.067(1.19mm 
=— - —b 2 O:888c2adzen ¥ 
































ized. 


WoRKMANSHIP AND FinisH.—}. The 
wire shall be cylindrical and smooth and 


al Naval . must show no evidence of scrapes, splits, 
e would Se tp yy 3, Thra. cold shuts, rough, or other defects. 
finander PHYSICAL PROPERTIES AND TESTSs.—6. 
R= .375" (8.S3mm) when AZ,313" (7.94amm> The tensile strength must not exceed 
1 75,000 pounds per square inch (52.7 
aD om R= .500" (12.%m) when AS.375" (9. 53mm) kg./sq. mm.). 
ng boat, SELECTION oF TEST SPECIMENS.—7. 
e detail Fig. 1 When the wire is being unreeled to form 
yhat the small coils for shipment, specimens may 
to land- One per cent of each size of bolt shall gross weight not exceeding 50 Ib. (22.7 be taken from the first, last, and any 
be subjected to both the tensile and the kg.); the lots of individual sizes shall intermedicate coil in the presence of an 
becom fy bend test. be packed in strong manila envelopes or inspector who shall seal the small coils. 
amande DIMENSIONS AND TOLERANCES.—6. The cartons. Otherwise specimens shall be taken from 
and be bolts shall be of the form shown in figures 10 per cent of the coils for each size. 
daw land 2 and shall conform to the dimen- ,. , , , DIMENSIONS AND TOLERANCES.—S. (a) 
as", ,_ Sons within the tolerances given in Tables 3819—Specifications for Galvanized Steel Ai) wire for this purpose shall be fur- 
may ” land 2, The values given represent the Service or Locking Wire nished in decimal sizes corresponding to 
it it lis finished dimensions after copper and GENERAL—1, The general specifications, the American Wire Gage (Brown & 
a tickel plating 1G1, shall form, according to their applica- ware gage). — ici a 
eption ( A permissible variation of 0.002 
ap sini inch (0.051 mm.) above gage on all sizes 
them & r not to exceed.01"(.25mm) — ly will be accepted, but no wire will be ac- 
reA (t.D.) “ys L4150° cepted having a variation of more than 
hich i Pars oe _ } 0.0005 inch (0.018 mm.) below gage. 
Ailtit T T - r — 
ter NINN A I t DELIVERY, PACKING, AND SHIPPING.—9. 
don CHAN ALAA * q (a) Wire covered by this specification 
\mesile ia shall be shipped in coils or bundles 
me +——p —_—1l | wrapped closely with a layer of plain 
nd Aus- bw str ry 
tinal strong paper in strips no less than 8 
i | inches (76.2 mm.) wide and then covered 
abor 02 with another wrapping of waterproof 
rival 0! u +8. 047 1, 19mm} os pitino paper of an approved quality. 
t is the “ (b) The size and weight of packages or 
m, espe = Min. Length of usable Thra. coils shall conform to the following un- 
slippint T less otherwise specified on orders: 0.072 
sip = 1 +4 Thrds.« Extreme Length of Thra. inch (1.828 mm.) and larger, mean diam- 





Fie. 2 





eter of coils 22 inches (559 mm.), mini- 
mum weight of coil 25 pounds (11.34 kg.) ; 
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0.064 inch (1.628 mm.) and smaller, mean 
diameter of coils 8 inches (305 mm.), 
minimum weight of coil 10 pounds (4.54 
kg.). 

INSPECTION AND ReJecTION.—10. A tag 
supplied by the manufacturer and filled 
in by the Government inspector with ink, 
showing the number of the test as per his 
official list of tests, the diameter of the 
wire, and the breaking strength, shall be 
attached to each coil or piece of wire ac- 
cepted by him or by the salvage board. 
Such tag shall be sealed on the bundle 
with a steel wire of approved design and 
a lead seal bearing the private mark of the 
inspector doing the work. 


COMPCSITION OF STANDARD CARBON 


STEELS 


CHEMICAL 


Phos., 
maxi- 
mum, 
0.045 
0.045 


Sulph., 
maxi 
mum 
0.050 
0.050 


Man- 
ganese. 
0.30-0.60 
0.30-0.60 


Carbon. 
0.10-0.20 
0.15-0.25 


Number 
aoe 


3N13—Specifications for Soft Solder 


GENERAL.—1. The general specifications, 
1G1, shall form, according to their appli- 
cability, a part of these specifications. 

MATERIAL.—2. Solder shall be made 
from new tin and commercially pure new 
lead. Its composition shall be as follows: 
Per cent 
99.8 
49 to 51 


10 
None 


Lead and tin, minimum... 
Tin ree 
Antimony, maximum... 


DELIVERY, SHIPPING AND PAcKING.—3. 
Solder shall be delivered in 1-lb. bars 
The mark “ Half and half” shall be cast 
on each bar. The bars shall be packed in 
boxes, the gross weight of which shall not 
exceed 220 Ib. (100 kg.). 

REFERENCES.—4. United States 
Department Specification No, 4787 


Navy 


4P4 and 


Specifications for Plain, Ball, 
Castle Hexagon Nuts for Aircraft 
GENERAL.—1. The general specifications, 
1G1, shall form, according to their ap- 
plicability, a part of these specifications. 
Use.—2. These nuts are to be used on 
bolts (I. A. S. B. specification 4P3. ) 
MATERIAL.—3. The nuts shall be 
chined from cold-rolled or drawn 
I. A. 8. B. specification 3820. 
MANUFACTURE.—4. The nuts 


ma- 
steel, 


shall be 


Jats 
-— B . 


PLAIN NUT 


Wig. 1. 
Nore.—Thread chamfer to be omitted on 
sizes smaller than 0.250-in. diameter 


cyanide hardened. The nuts shall be cop- 
per-plated in a cyanide bath and then 
nickel-plated ; the coating shall not exceed 
0.001 in. (0.0254 mm.). 

WORKMANSHIP AND FiINIsH.—5. The in- 
side face shall be flat and free from burrs. 

PHYSICAL PROPERTIES AND Tzsts.—6. 
Nuts shall withstand having the inside 
diameter increased 25 per cent by drifting 
without cracking. One per cent of each 
size of all nuts shall be subjected to the 
drift test. 

DIMENSIONS AND TOLERANCES.—7. The 
nuts shall be of the form shown in figures 
1, 2, and 3, and shall conform to the 
dimensions within the tolerances given in 
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Tables 1, 2, and 3. 


nickel plating. 


TABLE 1 

A, B, Width 
Bolt size. across flats. 
Inches. Inches. 
0.112 0.250 
0.138 0.313 
0.164 0.375 
0.190 0.375 
0.216 0.438 
0.250 0.438 
0.313 0.500 
0.375 0.563 
0.438 0.688 
0.500 0.750 
0.563 0.875 
0.625 0.938 
0.688 1.000 
0.750 1.063 
O.875 1.250 
1.000 1.438 


Thickness 
Inch. 
0.094 
0.109 
0.125 
0.141 
0.156 
0.188 
0.234 
0.281 
0.328 
0.375 
0.422 
0.469 
0.516 
0.563 
0.656 
0.750 


- A Bi-%e0 


Fic. 2. Batt Nut 
Notre.—Chamfer to be omitted on sizes 
smaller than 0.250-in. diameter 


TABLE 2.—DiMENSIONS 
Ball hexagon 
\ B, Width 
Bolt size across flats 
Inch. Inch. 
0.164-32 0.375 
0.190-32 0.375 
0.216-32 0.438 
0.250-28 0.438 
0.313-24 0.500 
0.375-24 0.563 
0.438-20 0.688 
0.500-20 


3.—CastTLE HExaGon Nut 


Nore.—Thread chamfer to be omitted on 
sizes smaller than 0.250-in. diameter 


TABLE 3. 
B, Width 
across flats. N. Ss. 
Inch. Inch Inch. 
0.375 0.234 0.078 
0.375 0.250 0.078 
0.438 0.266 0.078 
0.438 0.281 0.078 
0.500 0.328 0.078 
0563 0.406 0.125 
0.688 0.453 
0.750 0.563 
Mm Mm. 
9.53 5.95 
6.35 
6.75 
7.14 
8.33 
10.32 
11.50 
14.29 


Bolt size. 
Inch, 
0.164-32 
0.190-32 
0.216-32 
0.250-28 
0.313-24 
0.375.24 
0.438-20 
0.500-20 
Mm. 
4.17-32 
4.83-32 
5.87-32 


-28 


ou 
w 


ell ell eel eel 
SO 2 nD 6 
S im ND ay et es 
ARCorn 


12.70-20 

DELIVERY, PACKING, AND SHIPPING.—%. 
The nuts shall be delivered in boxes of 
gross weight not exceeding 50 lb. (22.7 
kg.). The lots of individual sizes shall 
be packed in strong manila envelopes or 
partons. 


The values represent 
the finished dimensions after copper and 


—DIMENSIONS AND TOLERANCES FOR PLAIN 
N A 


TOLERANCES FOR 
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3N15—Specifications for Brass Wire ip 
Brazing 

GENERAL.—1. The general Specification 

i 





Nuts 
B. Width x 
acrens flats Thick 
Millimeter Mi 
635. aa 


Bolt size 
Millimeters 
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1G1, shall form, according to their tp 

plicability, a part of these specification 
MATERIAL.—2 (a) The composition ¢ 

the material shall be as follows: 


Copper 
62% 3 . . Rema 
Total impurities, not greater than......, 1% 
Lead, maximum Serre 
Iron, maximum ° 0 
Analysis.—(b) An analysis shall 
made of samples taken from 1 bar of ed 
lot of 2h. 
BALL Nets 
——Ball castk 





N’. Ss. 
Inch. Inch, 
0.078 
0.078 
0.078 
0.078 
0.078 
0.125 
0.125 
0.125 
Mm. 
.98 


9. 
9. 
1. 
1. 
4. 
7. 


9.05 


ch mh fre beh 


MANUFACTURE.—3. (@) The bars shal 
be made from lake or electrolytic copper, 
conforming to the I. A. S. B. specificatio 
2N2, and from virgin spelter conforming 
to the I. A. S. B. specification 2N3. 





(b) No scrap shall be used in the mani 
facture of these bars other than that pt 
duced in the manufacturer’s own plas 
and which is of the same composition 
the material specified. 


DELIVERY, SHIPPING, AND PackING—. 
The wire shall be from 0.187 to 0.25 ind 
(4.76 to 6.35 mm.) in diameter and shal 
be furnished in bundles or coils of m 
weight not exceeding 220 pounds (100 kg). 





DIMENSIONS AND TOLERANCES FOR CASTLE HeExaGon NUTS 


M. I. 
Inch. Inch. 
0.156 0.016 
0.172 0.016 
0.172 0.031 
0.188 0.031 
0.234 0.031 
0.281 0.031 
0.328 0.047 
0.047 
Mm 
0.40 

0.40 
0.80 
0.80 
0.80 


‘i - 3.18 
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Q. 
Inch. 
0.078 
0.078 
0.094 
0.094 
0.094 
0.125 
0.125 
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Fly to Camp Meade 
Two British aviators, Lieut.-Col. Charles 
F. Lee and Capt. B. T. Marston, of the 
Royal Flying Corps, braved a gale © 
cently in order to fly from Washingt 
to Camp Meade, Md. 
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TYPES OF BRITISH AIRCRAFT 
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The above plate by A. J. L. Pollen, reproduced by courtesy of Flying (London), gives a striking compara- 
tive view of modern British military airplanes. 
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Flying (London), January 16, 1918 

Captain Ball’s Successors.—Captain Ball has many succes- 
sors in the R.F.C. who carry on his tradition. Captain Me- 
Cudden and Captain Fullard have suddenly blossomed into 
fame, and the newspapers have been full of their exploits. 
Captain MeCudden, M.C., has brought down thirty-seven 
enemy machines, and his squadron has ninety-nine aircraft to 
its credit. At Mons he was an Air-Mechanic, and in the re 
treat he became an Observer. As a N.C.O. he won the 
Military Medal and the Croix de Guerre. Since he became a 
Flying Officer in a single-seater scout he has been in over a 
hundred fights, including three combats with Immelmann. 
His father was a warrant officer in the Royal Engineers, and 
was born at Carlow. His mother is Scottish. He will be 
twenty-three in March. He was born in barracks at Chatham. 
His career proves that the R.F.C. is recruited from the ranks 
as well as from the public schools. 

Captain Fullard, M.C., D.S.O., has brought down forty- 
two enemy machines and three balloons. In one day he brought 
down four German airplanes. Before breakfast one morning 
he and a brother officer brought down seven machines, of which 
he was responsible for three. His squadron up till October had 
brought down 200 machines, and their “bag” is now about 
250. For three months he worked with a flight of six pilots 
without a single casualty, and during that period they brought 
down more machines than any other flight in France. His 
goggles were shot away in a fight with a two-seater, and he 
brought his burning machine back safely. He is the son of 
the late Mr. T. F. Fullard, of Hatfield. He was educated at 
Norwich Grammar School. He went to the front in April, 
1917. 

The Aeroplane (London), February 6, 1918 

The German Air Raids on Great Britain in 1917.—The 
following list gives detailed survey of the German air raids on 
Great Britain during 1917. 

March 1.—One German airplane raided Broadstairs at 9.50 
a.m. One woman killed. 

March 16.—One German airplane raided Westgate-on-Sea 
at 5.30 a. m. 

March 17.—German airships raided the South Eastern 
Counties of England. Bombs dropped in Kent. 

April 5.—German airplanes raided Kentish coastal towns at 
10.45 p. m. Eight bombs were dropped. 

May 7.—One German airplane raided North-East London at 
12.40 a.m. Four bombs were dropped. One man killed, and 
one man and woman injured. 

May 24.—Four or five German airships raided East Anglia. 
One man killed. 

May 25.—Sixteen German airplanes raided South East Eng- 
land (German Communiqué says Folkestone) between 5.15 
and 6.30 p. m. Killed, seventy-six; injured, 174. Admiralty 
claim three brought down. 

June 5.—Sixteen German airplanes raided Thames Estuary 
and adjoining districts of Essex and Kent and establishments 
in the Medway (German Communiqué says Sheerness) at 6.30 
p. m. Killed, twelve; injured, thirty-six. Two machines 
brought down. 

June 13.—Fifteen German airplanes raided East End of 
London, North Foreland, and the banks of the Thames at 11 
a.m. Killed, ninety-seven; injured, 439. Germans claim one 
British machine brought down. The raid was of 15 minutes 
duration. 

June 17.—Two German airships raided East Anglia and 
Kent. One Zeppelin brought down. Six bombs in Kent. 
Two killed, sixteen injured. 

July 7.—About twenty German airplanes raided London, 
Isle of Thanet and East Coast of Essex (German Com- 
muniqué says Margate) at 9.30 a. m. One machine brought 
down by R.F.C. Fifty-nine killed, 193 injured. 

July 14—Twelve or fourteen German airplanes raided 
Harwich at 7 a.m. British claim two machines brought down 
on return journey off Belgian coast. Eight killed, twenty-two 
injured. 

July 22.—Fifteen to twenty-one German airplanes raided 
Felixstowe and Harwich at 8 a. m. One machine brought down 
by R.F.C. off Belgian coast. Germans claim all airplanes re- 
turned. Thirteen killed, twenty-six injured. 


August 12.—Twenty German airplanes raided Margate aj 
Southend. At 5.15 they appeared off Felixstowe going Soy 
Forty bombs dropped at Southend. Twenty-three killed, ff, 
injured. One machine brought down. ° 

August 22.—-One or two German airships raided Mouth ¢ 
the Humber at 11.15 a. m. Twelve explosive and thirteen jy. 
cendiary bombs dropped. One man injured. Ten 
airplanes raided Ramsgate, Margate, and Dover at 1.10 Dp. 
Eleven killed, thirteen injured. Two machines brought dow, 

Sept. 2.—One German airplane raided Dover. Seven bony 
dropped. One killed, six injured. 

Sept. 3.—Six German airplanes raided Chatham, Isle 
Thanet, Sheerness (German Communiqué says Ramsgate) 
tween 10.40 and 11.30 p.m. One killed, six injured. 

Sept. 5.—Twenty German airplanes raided London at 103) 
p.m. (German Communiqué says Margate and Southend x 
well.) Nine killed, forty-nine injured. One machine brought 
down off Sheerness. 

Sept. 24.—German airships raided coast of Yorkshire apj 
Lincolnshire between midnight and 3 a.m. Three injured. 

Sept. 25.—German airplanes raided London and South 
East England at 7.45 p.m. Seven killed, twenty-five injure, 


Sept. 27.—About twenty German airplanes raided Londo, 
Suffolk, Essex 
brought down. 

Sept. 29.—German airplanes raided London, Kent, anj 
Eleven killed, eighty-two in. 


and Kent. No easualties. Two maehing 


Essex between 8 and 9 p. m. 
jured. 

Sept. 30.—German airplanes raided London, Kent, and 
Essex at 6.40 and 8 p.m. Nine killed and forty-two injured. 
One machine brought down. 

Oct. 1—German airplanes raided London, Essex, and Kent 
between 7 and 10 p.m. Ten killed, thirty-eight injured. 

Oct. 19.—German airships (six or seven) raided London and 
East and North Eastern Counties. Thirty-four killed, fifty- 
six injured. 

Oct. 29.—German airplanes attempted to raid the South 
Eastern Counties. No casualties. 

Oct. 31.—One airplane raided Kentish coast at 4.30 a. m 
No casualties. 

Noy. 31.—German airplanes raided London, Kentish and 
South East coasts at 10.45 and 11.50 p. m. Eight killed, 
twenty-one injured. 

Dee. 6.—About twenty-five German airplanes raided Lo- 
don, Kent, and Essex at 1.30, 4.00, 4.30 and 5 a. m. Seva 
killed, eleven injured. Two machines were brought down. 

Dee. 18.—Sixteen to twenty German airplanes raided Lor 
don, Kent, and Essex between 6.15 and 9 p. m. Ten killed, 
seventy-five injured. Two machines were brought down. 

Dee. 22.—German airplanes raided the Kentish coast at 6 
p. m., when one machine was brought down, and at 9.30 p. m, 
when bombs were dropped in the Isle of Thanet. No casual 
ties. 

The Aeroplane (London), January 30, 1918 

Veneered Spars and Struts—It is a well-known fact that 
the present methods of applying silver spruce to aircraft cov- 
struction are very wasteful, for nearly 50 per cent of the wood 
has to be cut to get the requisite degree of lightness for strul 
and spars. England is now suffering from a famine of wood 
suitable for aircraft, but particularly of silver spruce, and 
famine is due as much to transport troubles as to the wastagt 
inherent to aireraft manufacture. The rapid depreciation of 
service airplanes further contributes to render this problem 
a serious one. 

To overcome these difficulties, which might eventually hampéet 
aireraft supply, a British lumber concern has recently p 
on the market hollow spars which are built up of thin veneers 
glued together to any desired section, strength, shape and 
length. No matter what the length of the desired spar may 
be, no searfing or other joint is required, and uniform s 
is given the spars over the entire length. 

The same method is adopted for building up engine bearer 
and streamlined struts for interplane connection and under- 
earriages. These struts and spars are all reinforced in thet 
interior construction in such way as to give the greatest Ie 
sistance to all stresses and strains without adding to the weight 
of the pieces. 
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News of the Fortnight 


American Built “ Battle Planes” on Way to Front 


The following statement is authorized by the Secretary of 
War in order to give as complete a picture as is permissible 
mder military requirements of the problems and the progress 
in equipping the air service with fighting planes. 

The first American-built battle planes are en route to the 
front in France. This first shipment, though in itself not 
large, marks the final overcoming of many difficulties met in 
building up this new and intricate industry. 

Equipped with Liberty Motor 

These planes are equipped with the first Liberty motor from 
machine production. One of them in a recent test surpassed 
all records for speed and climbing for planes of that type. 
Engine production, which began a month ago, is now on a 

santity basis and the peak of production will be reached in 
a few weeks. Only the 12-cylinder type is being made, as 
developments abroad have made it wise to concentrate on the 
high-powered engine instead of the eight-cylinder. 

These statements should not be exaggerated but should be 
considered in the light of the following facts: After three 
years of warfare the total number of planes able to take the 
air at any one time on either side of the western front has not 
been over 2500. This, combined with the fact that 46 men are 
required on the ground for every plane in the air, gives a 
tmer perspective of the European aviation situation than 
commonly possessed. 

Replacement Planes 

For every plane in the air there must be two replacement 
planes on the ground, and one training plane for every pilot 
who eventually reaches the front, with a spare engine for each 
plane. Moreover, while the American program has been de- 
layed by difficulties which were impossible to foresee when 
the tentative program was adopted in all our lack of knowl- 
edge last spring, it may be said that American planes are 
not due in France under the original schedule until July. 

At the outbreak of war, the first step, both in sequence and 
importance, was to build up an industry to rush out the train- 
ing planes needed for the prospective aviators who were im- 
mediately on hand. This fresh and most promising personnel 
afforded indeed America’s largest immediate source of aid to 
her associate nations in the war, which, while well able to turn 
out the latest type of airplanes, were seriously drained of men 
capable of manning them. The ultimate goal, however, was 
the construction of a large fleet of battle planes. 

Two serious problems, interwoven and reacting, were im- 
mediately met, the almost total lack of airplane industry and 
of airplane engineering knowledge. The industry was rudi- 
mentary, with only one company on an appreciable production 
basis and another dozen small experimental companies. The 
metal work was mostly done by hand, each machine built as 
a separate unit and little attempt made to manufacture from 
dies, jigs, or gages. The estimates of the total value of the 
industry vary from $2,000,000 to $10,000,000 and of employes 
from 5000 to 10,000. The government was practically the 
oly purchaser, having ordered 366 planes the year before the 
war, of which only 66 were actually delivered. 

Difficulties in Europe 

The engineering problems were even more complex. Europe, 
at war, with the best engineers of each country pitted against 
each other in a struggle which knew no close, had worked out 
the most ingenious developments in the light of actual fighting 
‘xperience. Information reaching here was generally frag- 
mentary and always late. As a result, when war came, the 
United States had practically no airplane engineering staff 
ad no modern fighting planes. 

Construction of planes presented a much more complex 
problem than that of engines, which had been developed and 
ptodueed here for other purposes on a colossal scale. The 
extreme refinement of their manufacture, requiring 23,000 
rews in a single fighter, or 700 pieces of wood in a single 
wing, necessitated the most expert workmanship and balance 

Secure the essential combination of lightness with strength, 
and seemed to militate against quantity production. 


Securing Information 
The first step was to secure information from Europe. A 
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comumission was early sent across and rushed back the last- 
minute details, upon the strength of which a large number of 
fighting planes of a certain type were ordered. The raw ma- 
terials were very largely in hand and the drawings within 
several days of completion when another cable said that this 
type had been superseded and should not be built. Nearly a 
month was thus lost. 

Drawings then came for another type. They had just been 
redrawn for American manufacture and the die makers put 
to work when a second and different set arrived. The work 
done had to be cast aside and the process begun over again. 
Just as it was nearing completion still a third set of drawings 
arrived, and a third start was necessary. The unavoidable 
loss of time was preferred to turning out a design known at 
the outset to be out of date. 

The effect of separation from the battlefields by 3000 miles 
is further shown in that anywhere from 17 days to 11 weeks 
have been required to secure various important samples from 
abroad, Another three weeks of day and night work is neces- 
sary to reduce these samples to drawings for American manu- 
facture. It is significant of the rapid development of the 
art of aviation that not a single type of the original schedule 
has survived into the present program. 

During the past month, however, a responsive channel] of 
communication with the Allies has been opened, the latest 
types adapted to American manufacture, the industry in- 
creased at least twentyfold, the training-plane problem 
solved, and the production of battle planes begun. It is still 
very necessary, however, to view America’s effort in aviation 
against the true perspective, both in this country and _ in 
Europe. 

Need for Skilled Men 

The great problem now remaining is to secure the thousands 
of skilled mechanics, enginemen, motor repair men, wood and 
metal workers, ete., needed to keep the planes always in per- 
fect condition. This great engineering and mechanical force at 
the airdromes, the flying fields, and the repair depots, both 
here and behind the lines in France, is a vital industrial link 
in the chain to air supremacy. Without them the planes 
turned out would soon be useless and the flyers helpless. 

At best the life of a plane is but two months, and the engine 
must be overhauled after 75 hours, while a pilot on a plane 
allowed to leave the hangars in imperfect condition is as help- 
less as a bird with a broken wing. Now that American battle 
planes are going overseas, a great increase in the volunteering 
of skilled mechanics is both essential and expected. 


Aeronautical Work of the Bureau of Standards 


The war work of the Bureau of Standards, including aero- 
nautie tests and developments on the Liberty engine and air- 
plane materials, was championed recently by Representative 
Towner in a speech backing the item of $250,000 for the 
Bureau of Standards, in the $1,000,000,000 Urgent Deficiency 
Bill which was passed by the House of Representatives on 
Feb. 18. Mr. Towner said, in part: 

“T think there is no other bureau of the Government that 
is now rendering any more valuable service to the Government. 
in the war preparations than is the Bureau of Standards. 

“ As an illustration, let me call attention to what they have 
been doing in aid of aero construction, the determination of 
standards and types, and the general work of preparing our 
air service. Their assistance has been exceedingly valuable in 
almost every stage of the work. 

“In the developments and modifications that have been made 
of the Liberty engine, aud especially in the development of 
the materials that are to be used in the manufacture of air- 
craft, the Bureau of Standards has rendered invaluable service. 
It was supposed that mahogany was the only wood which could 
be used for the construction of propeller blades. By the 
work of the Bureau of Standards the fact has been developed 
that a good many of our native woods may be used, upon 
proper tests, so that we shall have no difficulty in finding 
within the confines of our own country all the necessary 
materials: for that purpose. It was supposed that nothing 
except linen could be used for the covering of the wings. It 
has been determined by experiments made by the Bureau of 
Standards that cotton may be made almost, if not entirely, 
equal to linen for this purpose if properly prepared.” 
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Postal Airplane Bids Are Opened 

Three bids for building five airplanes which will be used on 
the first route of the Aerial Mail Service were received by 
the Post Office Department on Feb. 21. Those bidding were 
the United Eastern Airplane Company, $59,000, delivery in 
80 days; the Standard Aero Corporation, $68,000, delivery in 
63 days; the West Virginia Aireraft Company, $72,500, deliv- 
ery in 90 days. The bids were opened in the office of James 
Edgerton, purchasing agent of the Department, but no awards 
have yet been made. 

All the bidders called for more time than was specified in 
the requests of the Department, which called for delivery by 
April 25. 

Second Assistant Postmaster-General Otto Praeger and an 
Army officer recently went to Philadelphia to select landing 
sites for the airplane mail service which the Post Office De- 
partment will put into operation some time in April. 

After examining a number of sites in Philadelphia they left 
for New York, where they will make another inspection. It 
is understood that the Polo Grounds, Governors Island and a 
part of Central Park are being considered as possible landing 
sites. 


National Advisory Committee for Aeronautics Meets 

The National Advisory Committee for Aeronautics met in 
the committee rooms on Feb. 23, where discussions on many 
phases of the work were held. The subjects under discussion 
were, however, refused to the press. 

Among those members who attended the meeting were Dr. 
Charles D. Waleott, Dr. W. S. Stratton, Maj.-Gen. George O. 
Squier, Chief Signal Officer: Prof. J. F. Hayford, Lieut. 
Comidr. Towers and Mr. J. F. Victory, Assistant Secretary. 
Major Tulasne and Captain de Berroeta, 
French mission, also attended the session. 

Dr. W. F. Durand, chairman of the National Advisory Con 
mittee for Aeronautics, is now in Europe, where, it is stated, 
he will establish a foreign bureau for the committee, His office 
will probably be located in Paris, where information relativ 
to the latest development in aeronautics, especially as concerns 
the war, may be gathered and forwarded immediately to head 
quarters in Washington. It is understood that this system will 
probably do away with the present delay in the receipt of this 
necessary information in Washington. 


members of the 


Camera Repair School 

An aviation photographie repair school where s 
dred Army photographers, camera mechanics and repair men 
are to be taught the use of aerial cameras and kodaks, inelud- 
ing their repair and upkeep, is to be established at Syracuse, 
N. Y., it is reported. 

Men are to be sent there from camps and aviation fields for 
training and new recruits are to be mobilized there shortly. 

This school is to be under the Signal Corps of the United 
States Army, and will probably be the only one of the kind 
completely given over to this work in the country. It is 
reported that the school will be laid out at once and training 
begun as soon as the men can be mobilized. 


eral hu 


Navy Wants Homer Pigeons 

The Aviation Section of the Naval Flying Corps is anxious 
to secure a large number of earrier pigeons for use in trans 
mitting messages from seaplanes. When a seaplane is not in 
the air the radio apparatus cannot be used since it swings below 
the machine, and for this reason carrier pigeons are desired in 
order that naval aviators may send messages back to the base 
if the machine is wrecked or forced to descend or for othe: 
reasons. 

Breeders of carrier pigeons or private individuals having 
any birds which they are willing to dispose of, should cor 
municate with Ensign A. J. Ditman, Bureau of Ordnance, 
Navy Department, Washington, D. C. 


National Hardwood Lumber Association Service Bureau 


The National Hardwood Lumber Association, composed o 
all the largest hardwood lumber manufacturers and dealers 
in the United Statets, has established a war service bureau with 
offices in the Munsey Building at Washington, D. C. It is the 
object of this bureau to keep track of all the hardwood lumber 
on hand in this country and act as a clearing house in this 
connection, Services are also to be rendered to the Govern- 


ment and the Allies in an advisory capacity without charge. 
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The headquarters of this body is located in the MeCormig 
Building, Chicago. 






Americans at Inter-Allied Standards Meeting 

On Feb. 25 the Aireraft Board issued the following state. 
ment : 

The arrival in England is announced of delegates from gj 
the Allied countries for conference on International Standards, 
at which a standardization of manufacturing materials gs 
related to the production of machinery, engines, aireraft, ete, 
will be considered. 

The American delegation, headed by F. G. Diffin for the 
Aireraft Board, includes members from all the prominent ep. 
gineering societies of the country: The Society of Automotive 
Engineers, the American Society of Mechanical Engineers, the 
American Society for Testing Materials, ete. There are alg 
from the Aireraft Board, the National Advisory 
Committee for Aeronautics, the Signal Corps, the Navy and 
the original International Aireraft Standards Board, from 
whieh this conference Is an outgrowth. 

The purpose of this inter-Allied meeting, which is the result 
of the efforts of Mr. Diffin, is to enable better industrial serviee 
to be given with less man-hour effort, through relieving plants 
from carrying in stock non-standard materials for whieh there 
is small call, and concentrating on materials of known per. 
formance for the same work. 

No attempt will be made by the conference to standardize 
airplane constructions, but rather only those materials and 
units which are at present causing confusion in _purehase 
and delivery and for which suitable standards can be estab- 
lished. 

The following is the list of the American members: F. 6. 
Diffin, chairman; Dr. W. F. Durand, Lieut. Comdr. Benjamin 
Briseoe, Lieut. W. F. Prentice, Coker F. Clarkson, E. H. Ehr- 
man, Charles M. Manley, James Hartness, Albert L. Colby, 
Friethiof G. Ericson, Capt. A. B. Tilt and F. R. Baxter, 

















members 





New Naval Air Stations Recommended 

In a preliminary report by the Commission on Navy Yards 
and Naval Bases, just made, the following recommendation is 
submitted: 

* From a study of strategical requirements the Commission 
is led to believe that the first line of special defense for the 
(rulf of Mexico should be in the Florida straits and the Yuea- 
tan channel. An operating base will be necessary for sub- 
marines, destroyers and auxiliary vessels assigned to these 
localities. Key West seems to be better located strategically 
for this purpose than any other site available.” 

It is also recommended that a coastal air station, be estab- 
lished at Brunswick, Ga., and Tampa, on St. Andrew's Bar, 
Fla., and Mobile, Ala., also was cited as a good location for 
aireraft stations. If necessary, the report states a station 
might be established at Sabine Pass, Tex., though it is nota 
very good site for the purpose. 

On the Pacific coast a main aviation station at San Diego, 
Cal., a base aviation station at Puget Sound and Mare Island 
Navy Yards and an operating aviation station at Port Angeles, 
Wash., are also recommended. 

Deficiency appropriations for the Army and Navy, inelad- 
ing large sums for aviation purposes, were reported by the 
sub-committee to the House Committee on Appropriations last 
week 

Training Aviators in Trap-Shooting 

Trap-shooting as a method for training aviators at ground 

schools in the principles of hitting moving objects in the air 





has proved to be of the utmost value. The instructors elaim 
that a trials at the traps soon show whether a man will 
be able to wing an enemy airplane or not. 

The idea of the practice is not to train the men in the use 
of handling the guns, for only shotguns are used, but to de- 
velop quickness of the eye and judgment of the speed an 
direetion of moving objects. The problem of winging a hostile 
plane with a machine gun is not widely different from that of 
smashing a four-inch clay dise with a shotgun and the & 
perience the men get in learning how far to lead the target, 
how much time to allow for speed of the shot and fall of t 
target will prove invaluable in the real work. While practice 
counts a great deal in this game, a man must have a ecertail 
knack in handling a gun if he is ever to make a suecess of it. 
The shooters stand sixteen yards behind the trap, whieh makes 
the actual range of shooting between forty and sixty yards, 
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IN THE AIR 


Calls for 
Speed—Strength—Ease of Control 





In addition to these vital requisites the new 
Continental Pusher offers wide range of 
vision for Observer,Camera Man or Gunner. 


The Continental Aircraft Corporation 


Factory and Aviation Field New York Office 
AMITYVILLE, L. I. 120 LIBERTY STREE 


MANUFACTURERS OF 


Airplanes, Experimental Airplanes and Parts 

















| 








bh 1, 9g BF yarch 1, 1918 AVIATION 179 


Tuomac-Morse Aiecrart Corporation 














ITHACA . N I VU. Ss. A e 


Contractors to U. S. Government 








WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 





MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 
EDGEWATER, N. J. 
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for every technical | 


use VENUS’ are 
standard! 


17 black degrees 

from 6B softest 

to 9H hardest and 

hard and medium 
copying for 
Drafting Sketching 


Mapping Manifolding 
Calculations Writing Home 





For sale by dealers wherever 
you go—in U. S., in England, 
and at way stations in France 


Look for the distinctive 
VENUS finish 


FREE! 


This trial box with 
five VENUS Drawing 
Pencils and VENUS 


Eraser sent FREE! 


Please send 6 cents 
m= in slamps to coter 
packing and postage 




























American Lead 
Pencil Company 


242 Fifth Avenue, New York 
and Clapton, London, Eng. 
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“Usco” 
NUMBER 72 


THE STANDARD 
KITE BALLOON Fapric 


oF AMERICA 





A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB- 
BER. 


THIS FABRIC HAS BEEN DE- 
VELOPED FROM YEARS OF 
LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 


STRONG 
Gas- TIGHT 
NEuTRAL, INvisIBLE CoLor 
Wirustanps ALL WEATHER 


ConpDITIONS 
AND Aces WELL 


MADE BY THE 
WORLD’S LARGEST RUBBER COMPANY 


UNITED STATES RUBBER COMPANY 
NEW YORK 
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UNSHATTERABLE 


RESISTAL 


AVIATOR GOGGLES 





New Aviator Styles | 


For greater side vision than is possible with the REGULATION 
STYLES we have designed this NEW AVIATOR FRAME. 


N. A. S. has silk stockinette collapsible frame. 

N. A. K. has the Khaki collapsible frame. 

These styles have many points of improvement over the REGULATION Styles 
beside the greater range of vision. 

The fit is perfect. The entire goggle weighs less, and the wind pressure does not 
interfere with the comfort of the goggle. The lenses are set in aluminum frames, 
hinged to fold inward, and to afford clearer vision directly ahead as well as at the 





= sides. 
In addition to the Army standard frame Can be ground to any oculist’s prescription; also made in Anti-Glare RESISTAL | 
RESISTAL is now made in a variety of a 


frames for aviator goggles and masks. 


Naval and military pilots insist upon 


RESISTAL Goggles. 


The Navy Department also has adopted 
RESISTAL for aviator goggles and masks. 





™ Send for test piece of RESISTAL and 
Catalog. 





STRAUSS & BUEGELEISEN 
438 BROADWAY Goggle Manufacturers NEW YORK CITY 
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counterbalanced aviation 
crankshaft .... 


Patented July 10th, 1917 


one of the | 8 different 
models we are now making 
for |4 aviation motor companies . . . 


reduces vibration and eliminates bearing pressure 
We have shipped 60,760 Counterbalanced Crankshafts to February 25, 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 






















HOW MANY 9 
CAN YOU USE § 


We are particularly anxious to figure with large users of 


MACHINE SCREWS 


We are confident we can make it worth your 
while if you use quantities. If interested 
please send quantities and sizes at once 


HAMMACHER, SCHLEMMER & CO. 


HARDWARE, TOOLS AND SUPPLIES 
NEW YORK, SINCE 1848 Fourth Avenue and Thirteenth Street 
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P. Pryibil Machine Company 


MANUFACTURERS OF 


FINE WOOD WORKING MACHINES 
s Gi ra We Have Served 


CuRTISS ENGINEERING Corp. 

L. W. F. ENGINEERING Co. 
WRIGHT-MarTIN AIRCRAFT Corp. 
STANDARD AIRCRAFT Corp. 
CONTINENTAL AIRCRAFT Co. 





Why not you? 


Established 1862 Factory, 512-524 West 41st Street, New York City 

















| 

















| 
| WATERPROOF VARNISH 


| 
| 
| 


| KHAKI PAINT 
Bc); GLOSS BLACK ENAMEI | 
ald 








airplane manufacturers and boat builders be- 
cause they are most durable, elastic, waterproof 
and economical. On the U. S. Govt. approved list 





Used on wings, hulls and pontoons by the largest | 











i 
| 
| 
| 





Brooklyn Varnish Mfg. Co. —groouyn New vorK | 
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“THE TANDEM BIPLANE” 





















INHERENT LONGI- 
TUDINAL STABILITY 




































Richardson Aeroplane Corporation, Inc. 


New Orleans, La. 
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Fit tail 


The 
Lanzius 
Variable 
Speed 


Aeroplane 





Executive . Offices 608-609-610 Singer 
Building, 149 Broadway, New York City 
Telephones 6710-6711 Cortlandt. 


Lanzius Aircraft Company 
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ROME 
AERONAUTICAL 
RADIATORS 








Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 


product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 











“Flexo” Aero 


RADIATORS 


The only 
core that 
will stand 
severe 
landing 
shocks. 










No sharp 


corners 
to crys- 
tallize 

through 


vibration. 


“FLEXO”—PATENTED 


FLEXO MANUFACTURING CO. 


1312-1320 E. 12th STREET 











FUEL LEVEL 
GAGES 


This cut shows our 

Model 51 Gage 

which is standard on 
“Mis practically all type 
of military training 
machines. 


Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 


Warplanes. 











SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, 








BOSTON, MASS. 











AJAX 
Auto and Aero 
Sheet Metal Co. 


Manufacturers 
and designers 


AERO 
RADIATORS 
INTAKE 


and 


EXHAUST PIPES 


H. W. MEYER 
245 W. 55th St. 
New York 




























LOS ANGELES, CAL. 









AVIATION 





March 1, 19] 








No. 2B PLAIN MILLER 
Single Pulley Drive 


12 changes to spindle s s No. 9 taper in spindle. 
6 changes to each spindle speed Table 8} x 37° 


Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 


We also build Universal Millers, Dividing Heads. 
Vertical Attachments and Vises. 


Write for Cireular 


THE FOX MACHINE COMPANY 


1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 





IT’S MEETING THE AEROPLANE 
PROPELLER PROBLEM 


Everywhere, throughout the allied nations, the Defian 
Aeroplane Propeller Turning Lathe is meeting the ye 
propeller problem. Installations by the United States Govern: 
ment, England, and leading aeroplane propeller manufac 
stand to endorse this machine as the most practical an 
economical method in use today. 


DEFIANCE AEROPLANE PROPELLER 
TURNING LATHE 


is a high productive machine, and will keep pace with present 
day requirements either in output, accuracy, or production cogt. 
Each machine in operation takes the place of eight to ten skilled 
workmen. With one man operating a number of machines the 
wage item is cut to little or no consideration, all of which is 
added to profits. This machine will turn aeroplane propeller 
blades of any size—to any shape or pitch—and leaves but the 
final finishing to be done by hand. It will duplicate struts, as 
well as propellers, of irregular shape to exactness. 





An illustrated and descriptive circular of 
this machine will be mailed on request. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 


NEW YORK CITY LONDON, ENGLAND 














“DALTON SIX” 


In the Manufacture 
of Aeroplanes or the 
many small parts 
comprising a Unit 


“Dalton Six” 


is indispensable. 

Furnished for 
English or Metric 
Thread Cutting. 

One Manufacturer 
of fine instruments 
for aeroplanes now 
has 


(36) “DALTON SIXES” Installed 


Why Not Investigate? 
BULLETIN B602C GIVES DETAILS 





Dalton Manufacturing Corp. 
Successors to Dalton Mach. Co., Inc. 


1911 Park Avenue New York, U.S.A. 











A NEW MACHINE 


For Shaping 


PROPELLER BLADES 


A PRACTICAL machine—per- 
fected thru the co-operation 
of practical propeller makers. 


The only machine on the market 
having sufficient range to prop- 
erly handle two, three, and four- 
blade screws in the wide variety 
of sizes now being made. 


Wire or Write for Complete Data 
C. MATTISON MACHINE WORKS 
863 Fifth Street Beloit, Wisconsin 


Also ask about New Propeller Balancing Tool 
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Automobile and Aircraft Dials 
Made Bright At Night 
With Marvelite 


A Radium compound, which is permanent 
for all practical purposes. Meets Govern- 
ment requirements. 






RADIUM ILLUMINATION 


Eliminate dash lights and have your clocks coated with 


boi 


and they will glow with a soft, clear, permanent light 
that needs no lamp, switch or wiring. Used on Radium 





Marvelite may be applied by 
the instrument manufacturer 
or by us. 








If the manufacturer will send 






Dialed Watches and other dial instruments. At no in- 
creased cost your instruments can be true twenty-four ot o 
hour servants—as easy to read on the darkest night as on us a sample dial we will treat 
the brightest day. ; 3 it with Marvelite without 
The luxury and safety of Radium Illumination will ap- fs m j 
peal to you as it has to those who selected our product charge and submit estimates. ; 






for airplane instruments 
Write for pamphlet on “ Night Flying.” 


RADIUM LUMINOUS ) SUPT VIVE LIBERTY OT 





Ask for Booklet No. 6, giving valuable 
information about self-luminous com- 
pounds. 


COLD LIGHT MFG. CO. ai , 
558 West 158th Street New York 


MATERIAL CORPOR’ON YORK CITY 


Mines: $ My Piants: Orange, N. J 
Naturita, Colo Vsarwe Boonton, N J 
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Yale hoist 
handling 
steel beams 


4 } 

Yale Hoists 

Help Labor—Save Time—Increase Output 

The plant installing Yale Spurgeared Blocks insures labor producing mazimum 


H 
H 
output in minimum time, under the best and safest operating conditions. | i 
These are facts of greatest importance right now to manufacturers confronted j 
with the necessity of maintaining maximum output in the face of labor j 
shortage. 
; 
The Yale Spurgeared Block is designed to give maximum service under } 
exceptional conditions. With assured safety to operator, machine and pro- H 
duct, valuable time is saved in handling rough and finished work H 
Each Yale Spurgeared Block is tested to 3360 Ibs. to the rated ton. The 
guarantee is in the block itself. 


| 
For sale by Machinery Supply Houses } 





Pocket and Watch 


Aneroid Barometers 





Pint 


Prices and Deliveries on Request 





CTL 


Put your hoisting problems up to us. 
ASK FOR NEW CATALOG. 


For factory locking equipment use a Yale 
Master-key System. Write us for particulars. 


The Yale & Towne Mfg. Co. | 


= 9 East 40th Street New York City 


AMAL i) i 


A. HAUSTETTER 


308 Madison Avenue, New York City 
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Aluminum Company of America 
PITTSBURGH, PA. 


MANUFACTURERS OF 
Aluminum Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding Extruded 
Shapes, Electrical Conductors 


GENERAL SALES OFFICE, 
2400 Oliver Building, Pittsburgh, Pa. 
BRANCH OFFICES: 


Boston...... .131 State Street 
Chicago.... .1500 Westminster Building 
Cleveland....... 950 Leader-News Building 
Detroit . j .1512 Ford Building 
Kansas City. 308 R. A. Long Building 
New York. .120 Broadway 
Philadelphia... '1216-1218 Widener Building 
Rochester . .1112 Granite Building 
San Francisco.......... 731 Rialto Building 
Washington..509 Metropolitan Bank Bldg. 
CANADA 
Northern Aluminum Co., Ltd...... Toronto 


LATIN AMERICA 
Aluminum Co. of So. Am...Pittsburgh, Pa. 


ENGLAND 
Northern Aluminium Co., Ltd..... London 


Send inquiries regarding aluminum in any form to 
nearest Branch Office, or to General Sales Office 

















PHOTOGRAPHIC TESTING DEPARTMENT OF 
CAMERAS 


THE BROCK 
AUTOMATIC CAMERAS 


are the only cameras that make good negatives 
with shutter speeds of 1/1ooth of a second or 
less at speeds of over 100 miles per hour. 


ARTHUR BROCK, JR. 
OFFICE—511 Bullitt Building, 131 South Fourth Street 
FACTORY—533 North Eleventh Street 
PHILADELPHIA, PA. 

Scientific Instruments, Tools, Dies, Jigs and Fixtures 


Factory occupies 23,000 square feet of floor space 
Screw Machine Capacity up to 2% inches 








AERO 
MOTOR RADIATOR 


External Joints Only 
Quick, Easy Repairs 














BUILT BY 


MOTOR RADIATOR CO. 


1239 NORTH 12th STREET 
PHILADELPHIA, PA. 














Fahrig Anti-Friction Metal 
The Best Bearing Metal on the Market 


A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 
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Elastic Aviation Cord 
For Shock Absorbers on Airplanes 





We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the pangest manufacturers 
in the world of Heavy Blastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples on request 


J. W. WOOD ELASTIC WEB CO. 


FACTORY: STOUGHTON, LIASS. 


OFFICES 
45 Mast 17TH STRBET. . . . «© © © © New YorkE 
ARO CY eae ee ee ee ee ee ee CHICAGO 
82 Sr. Perme STREPT. . ... se MONTREAL, CANADA 








WIRE WHEELS 


FOR COMBAT AND ALL OTHER TYPES 
OF 


AIRPLANES 


CONTRACTORS TO 
LEADING AIRPLANE COMPANIES 


Dx 





Our Engineering Department 
will gladly cooperate with you 
in your experimental work 


SPRANGER WIRE WHEEL 
CORPORATION 


DETROIT, U. S. A. 
NEW YORK REPRESENTATIVE 
THOS. C. CHEASLEY 
137 West 47th Street Phone Bryant 8570 





IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


Fudian Motocycle 
‘With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. 

We will be pleased to arrange demonstrations of all Indian 
models for interested military officials. 


Ilustrated Indian Catalog and other de- 
scri plive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 
(Lergest Motorcycle Manufacturers in the World) 
767 STATE STREET SPRINGFIELD, MASSACHUSETTS 











ERIE SPECIALTY COMPANY 
MANUFACTURERS 
OF 


Aircraft Metal Parts 





in conformity with the standards 
adopted by the International 
Standardization Committee. 


ERIE STANDARD 
Guarantees Perfect Workmanship 








ERIE SPECIALTY COMPANY 
Offices: 25 PINE STREET, New York 


Factory: Erie, Pennsylvania. 
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ULMER'’S 


Waterproof Cement 


Is Used Successfully 
As a Cement and 
Dope for Airplanes 


IT DOES THE WORK 
Only One Quality 


“IUST THE BEST” 


THE ULMER LEATHER CO. 


P. O. DRAWER 42 





Factors of Safety 


These Count in Aeroplane Construction 





NON-INFLAMMABLE 


Cellulose Acetate Base 


UeLeStrOn Cloth Varnishes 


provide another SAFETY FACTOR 





NON-INFLAMMABLE 


belestion Sheets s° Films 


Transparent — Waterproof 


MANUFACTURED BY 


Chemical Products Company 

















Built for high power motors 
Water proof and heat proof 


QUANTITY PRODUCTION 


WRITE FOR INFORMATION 


Address Aircraft Department 


WEST WOODWORKING COMPANY 
308-324 N. Ada Street 


Cable address ““SWESCO”’ 


Cabinet makers with over thirty years’ 
business behind them 


Chicago 


successful 








NORWICH . . . . CONN 93 Broad Street Boston, U. S. A. 
Marufacturers of Cellulese Acetate for nearly 15 years 
WESTMOORE TS 
SPLITLESS 
PROPELLER TURNER 





Highest Quality 


to Meet the Most 
Exact Requirements 


Standard Screw Co. of Penna. 


CORRY, PA. 


New York Office: Woolworth Building 


— i <ESy 
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Johns-Manville 


| : | 
me \ Aeronautic 


ANVILLE 


SERVICE 





‘Instruments © 


UR designing staff and 
manufacturing organ- 
ization are both at the call 
of those who require speed 
indicating and revolution 
recording instruments. 


We invite your special 
problems in airplane acces- 
sory apparatus. 


H. W. Johns-Manville Co. 
New York City 


10 Factories. Branches in 60 Cities 





(CHRISTENSEN GELF GTARTER 


A PROVEN SUCCESS IN 
AVIATION SERVICE 























Starts the motor instantly regardless 
of weather conditions 


Eliminates dangerous hand-cranking 
and other starting troubles 


The Christensen Engineering Co. 
861 First National Bank Milwaukee, Wis. 











PF Kes e sete ew eee eee ee 


By E. N. Fales, 


lero Mechanical Engineer, 
Signal Corps, U. 8. A. 
180 pages—fully illustrated 47%” 
x 7144” Limp Red Karatol binding 
pocket size, price $1.50 net 


postpaid. SO cpap ie = J oe 
In this book are set forth the main C2 Lt 
principles of flying which the aviator must a on mod 


know in order to understand his machine, 

to keep it trued up and to operate it 

in cross country flight as well as on the flying field. The volume is based on the 
instruction given under the author’s direction in the U. 8S. Ground School of 
Military Aeronautics, University of Illinois branch. 


CONTENTS:—1. History of Aviation. 2. Types of Military Airplanes and 
Uses. 3. Principles of Flight. 4. Flying the Airplane. 5. Cross-country Flying. 
6. The Rigging of Airplanes—Nomenclature. 7. Materials of Construction. 
8. Erecting Airplanes. 9. Truing Up the Fuselage. 10. Handling of Airplanes in 
the Field and at the Bases Previous to and After Flights. 11. Inspection of 











Airplanes. 





RETURN PRIVILEGE COUPON 











McGRAW-HILL BOOK CO., INC., 
239 West 39th Street, New York. 
URNS BO Bivins ceccscvcidedccetenseces ..for which send me 


.Fales—Learning to Fly in the U. S. Army, $1.50 
Subject to return for refund within ten days of receipt if unsatisfactory 


TITTITETELeTT TT ° ; rer ceeeeeeoeecens =e ana 










Wittemann-Lewis Model T-T, 90h. pn 


WITTEMANN - LEWIS 


AIRCRAFT COMPANY 
NEWARKH, N. J. 


Main Office and Factory: 


Lincoln Highway, near 
Passaic River 


Telephone, Market 9096 
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Aeroplane 
— - Lumber 

For every mechan- 

ical purpose. Many e ~ | 
Demme Specialists 


upon us to furnish 
and cut felt goods. 


As we serve others, | 
we Can, serve you. 


We cut felt special- A ] as k a S p ruce 
ties accurately and 


quickly and fill all B l ac k W a ] nu t 


orders promptly 


aa. Tough White Ash 


felt--ask Booth 
The Booth 
Felt Company, Inc. 


| CENTRAL TIMBER EXPORT Co., Inc. 


756 Sherman St. cor. Polk 


Smee CHETHAM LUMBER CO. 























15 William Street New York 


Telephone, Hanover 6028 




















NOW READY 











BounD VOLUME 3 


of 





Aviation and Aeronautical Engineering 








Price $5 





120 WEST 32d STREET NEW YORK 








THE GARDNER-MOFFAT COMPANY Inc. 
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EDWIN B-:STIMPSON COMPANY 


SHEET METAL 


BROOKLYN, NEW-YORK 


L, 1918 














BRASS & COPPER 











DROP FORGINGS 
| 


THE WHITMAN & BARNES MANUFACTURING CO. 


ESTABLISHED 64 YEARS 
1000 WEST 120th STREET, CHICAGO, ILL. 


























wall 


FOXBORO 


ones oe ~~ ae 


QUALITY INSTRUMENTS FOR AIRPLANES 


Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 


The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New York CHICAGO PITTSBURGH PHILADELPHIA St. Louis 
SAN FRANCISCO BIRMINGHAM, ALABAMA Peacock Bros., MONTREAL 











ORDNANCE ENGINEERING CORPORATION 





NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors $3 Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 
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All recognized builders 

of airplane motors in 

America use Zenith on 

their product. 

Zenith Carburetor 
Company 

New York DETROIT Chicage 


AVIATION 


PROPELLERS | 










WA DOYLE 
TRENTON NJ 
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CAPITAL JIGS 
NTERN 
“oriNDER STAMPINGS pies 


E realize im air or at sea there should be no 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 


METAL 
HOSE 


For every 
Airplane Requirement 











LEYGRAND &CO. 


120 Broadway, New York 
MILL AGENTS 


ALUMINUM SHEETS 
Screw Stock, Rod and Wire 














VENEERED PANELS 


ut FOR: 


AIRPLANE and HYDROPLANE 
CONSTRUCTION 


Send for Samples Chemically Treated Which Increases 


WATERPROOFNESS 
NEW JERSEY VENEER CO., Paterson, N. J. 


Tetephone, 3620 Paterson 




















AIRPLANE LUMBER 


OUR SPECIALTY 


Kiln Dried Bass 


Dimension Stock 


SHEIP & VANDEGRIFT, Inc. 


814-832 N. Lawrence Street, 





PHILADELPHIA, PA‘: 
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Recharges Itself in 30 Seconds 


A E RO od L A NE A noteworthy feature of this compressed air starter is 
IMS d WHEELS that it replenishes i:s energy in less time than any other 


starting system in existence. 
Made by the oldest and best known 


med AS ** The 
Perfect Starter’’ 
steel rim and wire wheel makers in 
America. 














Noalteration in motor or other gear 
reduction is needed for attachment. 
When the starter is not in use, the 
motor is left entirely free. Interference 
is impossible. ‘‘ Model D’** for 150 
H. P. engines weighs 56 lIbs., and 
**Model C”’ for 250 H. P. engines, 
70 lbs. Tested and approved by U. S. 
and Foreign Governments. 
Send for Free Booklet 
THE MOTOR-COMPRESSOR CO., Newark, N. J., U.S.A. 


Quotations gladly furnished. 


The MOTT WHEEL WORKS 


Utica, N. Y. i 
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OuUESENBE! Rubber Aero Cord 


.-- 7. > FOR SHOCK ABSORBERS 
THE POWER 


, Prompt Delivery 
Ss || ae OO 
THE RUSSELL MANUFACTURING CO. 
DUESENBERG MOTORS CORPORATION 349 Broadway, New York City 


0 120 BROADWAY, NEW YORK CITY 


INTRACTORS TO THE UNITED STATES GOVERNMENT Factories: MIDDLETOWN CONNECTICUT 














NS S 


Palmer-Simpson Corporation 
, Saranac Lake, NX 








AIRCRAFT WIRE GENERAL DESIGN PLANS AND 
AIRCRAFT STRAND DETAILED SHOP DRAWINGS 


AIRCRAFT CORD AIRPL ANES and MOTORS 


THIMBLES AND 
FERRULES STANDARD AND SPECIAL MACHINES 
AIRCRAFT MOTOR DESIGN AND DEVELOP. 
ME 











PRINTS, PLANS, DRAWINGS, STRESS DIAGRAMS 


PROPELLER CALCULATION AND DESIGN 
MADE BY Speedy Economic Manufacturing Processes Devised. 


. Tools and Dies Designed for Fittings, Parts, Aircraft 
John A. Roebling’s Sons Co. Components, Stream Line Sheet Metal Shapes, Ete. 
Trenton, N. J., U.S. A. AERONAUTIC INVENTIONS DEVELOPED 
RANCHES :— 
Now York, Boston Chicago, Philadel- AUTOMOTIVE ENGINEERING COMPANY 
phia, Pittsburgh, Cleveland, omer Aeronautical Engineers and Constructors 
San Francisco, Los Angeles, Seattle, 120 SOUTH STATE STREET CHICAGO, ILLINOIS 


Portland, Oregon. 
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Aeronautical Trade Directory 





March |, 1913 


AVIATION AND ABROMAUTICAL ENGINEERING will furnish information and addresses of all companies listed below. Names of 
rtisers in this issue are printed in heavy face type. 


ACCESSORIES AND INSTRU- 


MENTS 
Motor-Meter, The, > 


Sperry 
Standard penn Co. 
Taylor Instrument Companies 


AIRPLANES 
Aeromarine Sales and Engineering 
Corp. 
Boeing Airplane Co. 
Co., The 
California Aviation Co. 
Continental Aircraft Co. 
Curtiss Aeroplane and Motor Corp. 
Dayton Wright Airplane Co. 
Des Lauriers Aircraft Corp. 
Fisher Body Corp 
Fowler ‘Airplane C Corp. 
Gallaudet Aircraft Corp. 
a The A. 8S. Corp. 
. F. Engineering 
us 
Lawrence-Lewis Aeroplane Co. 
Lawson Aircraft Co. 
Lewis & Vought Corp. 
Longren Airplane Co. 
Martin, Glenn L., Co. 
Michigan Aircraft Corp. 
. Corp. 
son Aeroplane Corp., Ine. 
Smith, Kyle, Aircraft Co. 
Springfield Airplane Co. 


Standard Aero fo 
Sturtevant Aeroplane Co. 


orse Corp. 
Walden-Hinners Co. 
Wittemann-Lewis Aircraft Co. 
Wright-Martin Aircraft Corp. 
AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Bournonville Motors Corp. 
Motor Corp. 
Duesenberg Motors Corp. 
General Vehicle Co, 
Hall-Seott Motor Car Co. 
Knox Motors Co. 
Miller, Harry A., Mfg. Co. 
Orie Motor Co. 
Packard Moter Co. 
Roberts Motor Mfg. Co. 
Sterling Engine Co. 
Sturtevant, B. F., Co. 
Thomas-Morse Aircraft Corp. 
Union Gas Co. 
Motor Mfg. Co. 


Wiseonsin M 
Werld’s Metor Co. 
Wright-Martin Aircraft Oorp. 


AIRPLANE PARTS 


Barcalo Mfg. Co. 

= Telephone Construction 

Erie y Co. 

Kawneer Mfg. Co. 

Levett, Walker M. Co. 

New Jersey Veneer Co. 

Pressed & Welded Stee! Prod. Co. 
‘ers Construction Co. 

Standard Parts Co. 


ALUMINUM 
Acieral Ce. of America 


American Metal Co.. 
Levett, Walker M., Co. 


Leygrand & Co. 

McAdamite-Aluminum Co. 

Se-Luminum Mfg. & Eng. Co. 
(Solder) 

Stimpson, Edwin B., Co. 

United Smelting 2 Aluminum Co. 


AVIATION SCHOOLS 
Atlantic Coast. Acronantical Sta- 


tion 
Ourtiss Training Schools 
Michigan State Auto Schoo! 
Moler Aviation Instructcrs 
Stinson School of Aviativn 


BALL BEARINGS 


@wiliieam 

Hess-Bright Mfg. Co 

New Derarture Mre Ceo 
Nerma Company of America. 
8. K. F Ball Co. 

U. 8S. Ball Bearing Mfg. Co 


BALLOONS: DIRIGIBLES 


Connecticut Aircraft Co. 
Custer Specialty Co. (Statoscope) 
Gas Engineering Co. (Gas Plants) 


Goodyear Tire and Rubber Co. 
United States Co. 
BAROGRAPHS AND BA. 


ROMETERS 
Green, Henry J. 
Haustetter, A. 





Sussfield & Lorch 
Taylor Instrument Companies 


BEARING METALS 


American Bronze Corp. 
Fahrig Metal Co. 
Levett, Walker M. Co. 
BUSHINGS 


Bound Brook Olil-Less Bearing Co. 


CARBURETORS 

Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Scheblier 
Zenith Carburetor Co. 


CLOCKS AND WATCHES 
Chelsea Clock Co. 

Depollier, J.. & Son 

Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Rogers, Peet & Co. 
Sanders Co. 

Spalding, A. G., & Bros. 


COMPASSES 


Sperry Gyroscope Co. 
Taylor Instrument Companies 


DOPE AND VARNISH 


Adams & Biting Co. 
American Emaillite Co. 
Brooklyn Varnish Mfg. Co. 
Chemical Products Co. 
Conover, The C. E., Co. 
DuPont Chemical Works 
Flexible Compound Co. 
Harland, Wm., & Son. 
Perry-Austen Co. 

Pratt & Lambert 
Standard Varnish Works 
Ulmer Leather Co. 
Valentine & Co. 

Weeks & Co. 


DRIFT INDICATOR 
Sperry Gyroscope Co. 

DRY KILNS 

Cutler Dry Kiln Co, 

Grand Rapids Veneer Works 
DYNAMOMETER 
Sprague Hlectric Works 


ENGINE PARTS 
Allegheny Forging Co. 
°o . 
Burd High Compression Ring Ce. 
Dallet, Thos. H. Co. 
Doehler Die Casting Co. 


Erie Specialty Co. 

Fibre Finishing Co. 
Gifford, Leland Co. 

Gill, P, H., & Sons 
Hydraulic Pressed Steel Ce. 


alker M., Co. 
Park Drop Forge 
Pressed & Welded Steel Products 


Co. 
Standard Parts Co. 
Taft-Peirce Mfg. Co. 
Tioga Steel & Iron Co. 
Williams, J. H., & Co. 
Whitman & Barnes Mfg. Co. 
Wyman-Gerdon Co. 


ENGINEERING 
Automotive Engineering Co. 
Ordnance Engineering Corp. 
White, J. G., Engineering Corp. 
FABRICS 

Courtrai Mfg. Co. 

Lamb, Finlay & Co. 
McBratney, Robt. & Co. 
Whitman, Clarence & Co. 
FELT 

Advance Felt Specialty Co, 
Booth Felt Co. 

FIRE EXTINGUISHERS 
Fyr-Fyter Co., The 
Johns-Manville Co., H. W 
Pyrene Mfg. Co. 

GAGES 

Boston Auto Gage Co. 
Crosby Steam Gage & Vaive Ce 
Foxboro Ce., The, Ine 
United States Gage Ce. 
GASKETS 

Fibre Finishing Coc. 


GLUE 


Ferdinand, L. W., & Oe. 
Reeder & Adameen 


GOGGLES 
Strauss & Buegeleisen 


HOISTS 

Yale & Towne Mfg. Co. 
HANGARS 

American Bridge Co. 
Ashiey Steel Bidg. Co. 
Austin Co., The 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 
Milliken Bros. 

Pruden, C. D. Co. 

Virginia Bridge & Iron Co. 


LIFE PRESERVERS 


Universal Safety Mattress Co. 


LUMBER 

Alcock Co., John L. 
American Balsa Corp. 
Chetham Lumber Co. 
Dutton, A. C. Lbr. Corp. 
Wenge! « C.. & Bros. Co. 
Sheip & Vandergrift, Inc. 
LUMINOUS COMPOUND 
Cold Light Mfg. Co. 
Cummings, W. L., Chem. Co. 
Radium Dial Co. 

Radium Luminous Material Corp. 


MACHINERY, METAL WORK- 


ING 
Dalton Mfg. Corp. 
Defiance Machine Works 
Fox Machine Co. 
Warner & Swasey Co. 


MACHINERY, WOOD WORK- 


ING 
Defiance Machine Works 
Fox Machine Co. 
Machinery Merchants, Inc. 
Mattison, C. E., Machine Works 
Olney & Warrin 
Pryibil, P., Machine Co. 
MANIFOLDS 
Ajax Aute & Aero Sheet Metal Co. 
Pressed & Welded Steel Products 


Co. 
MAGNETOS 
Bosch Magneto Co. 
Berkshire Magneto Corp. 
Ericsson Mfg. Co. 
Remy Electric Co. 
Splitdorf Electrical Co. 
METALS 
Acieral Co. of America 
American Vanadium Co. 
Bethlehem Steel Co. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
Levett, Walker M. Ce. 
So-Luminum Mfg. Ce. 
Stimpson, Edwin B., Co. 
MODEL AIRPLANES 
Ideal Aeroplane Supply Coe. 
Wading River Mfg. Co. 
MOTORCYCLES 
Hendee Mfg. Ce. 


OILS AND LUBRICANTS 
Baker Castor Oil Co. 
Gulf Refining Co. 
Standard Oil Co. 

Swan & Finch 

Texas Co, 

Vacuum Oil Co. 
PACKING 

Fibre Finishing Co. 
PHOTOGRAPHY 
Brock, Arthur, Jr. 
Herbert & Huesgen Co. 
PISTONS 

Levett, Walker M., Co. 
PISTON RINGS 
American Piston Ring Co. 


PONTOONS 


Niagara Boat Co. 
Palmer-Simpson Corp. 
Welen Marine Equipment Coe. 


PROPELLERS 

American Propeller & Mfg. Ce. 
Doyle, W. A. 

Hartzel Walnut Propeller Co. 
tang Propeller Co. 

United States Aero Propeller Co. 
West Woodworking Co. 


PYROMETERS 

Foxrbore Ooc., The, Ine. 
Moto-Meter Co. 

Shore Instrument & Mfg. Ce. 
Tavine Tneteument Compantes 
RADIATORS 

Ajax Auto & Aero Sheet Metal Co 
Bush Mfg. Co. 

El Arco Radiators Co. 


English & Mersick Co, 


Motor Radiator - 
Rome- 


Radiator Co, 
RIVETS 
Stimpson, Edwin B. Oe. 
SCLEROSCOPE 


Shore Instrument & Mfg. Co. 

SHEET METAL FITTINGS 
Rogers Construction Co 

SHOCK ABSORBERS 


Dural Rubber Cerp. 

General Rubber Goods Co. 

Russell Mfg. Co. 

Wood, J. W. Elastic Web Ce. 

SPARK PLUGS 

Champion Ignition Co. 

Johns-Manville Co., H. W. 

Pyro Ignition Co. 

Rajah Auto Supply “o. 

Splitdorf Electrical Co. 

SPEED INDICATORS 

Foxboro Co., The, Ine. 

Johns-Manville Co., H. W. 

Stewart Warner Speedemete 
Corp. 

STABILIZERS 

Greene Aeronautical Co. 

Martin Pont nn nay & Stabilizer 


Sperry 
STAMPINGS 
Lansing Stamping & Tool Oc. 
Dewes, The A., Co. 
Stimpson, Edwin B., Co. 
STARTERS 

Bijur Motor Lighting Co. 
Christensen, Th 


A e, Os 

Dayton Engineering Laboraterie 
Co. 

Motor Compressor Co. 
Northeast Electric Co. 
Wagner-Hoyt Blectric Ce. 
TACHOMETERS 
Johns-Manville Co., H. W. 
Nelson Blower & Furnace Ce. 
Queen-Gray Co. 
Stewart Warner Speedometer Cerp 
Veeder Mfg. Co. 
THERMOMETERS 
Foxboro Co., The, Inc. 
Moto-Meter Co. 
Taylor Instrument Companies 
TIRES AND RUBBER 
Dural Rabber Corp. 
Goodyear Tire & Rubber Ce. 
United States Rubber Co. 
TOOLS 
Browne & Sharpe 
Hall-Scott Motor Oar Oe. 
Hammacher, Schlemmer & Os. 
Lansing Stamping & Tool Co. 
Rogers, John M., Works. 


TRUCKS AND TRAILERS 
Federal Motor Truck Co, 
Four Wheel Drive Aute Ce. 
Nash Motors Co. 
Packard Motor Car Ce. 
Sechler & Co., The 
Service Motor Truck Ce. 
White Co. 
TUBING 
Dewes, The A., Co. 
Empire Art Metal Co. 
Frasse, Peter A., & Co. 
Pennsylvania Fiexible 

Tubing Co. 
Stimpson, Edwin B., Co. 
TURNBUCKLES 
Dayton Metal Products Co. 
Erie Specialty Co. 
New York & Hagerstown Mets 

Stamping Co. 

Screw Co. 


WHEELS 
Ackerman Wheel Ce. 
Hayes Wheel Co. 
Mott Wheel Works 
National Wire Wheel Works 
Spranger Wire Wheel Corp. 
Wire Wheel Corporatio “ 
America. 

WIRE 
American Steel and Wire Ce 
— Telephone Ce 

0. 


Blectric Cable Co. 
Roebling’s, John A., Sons 
Simplex Wire and Cable Ce. 
WIRFT FRSs 


American Radio & Research Corp 
American Wireless Tel. Co. 
Cutting & Washington. 
Crocker-Wheeler Co. 


ot aldbe 
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‘ = Ln an 
=| The Twin-Motored Hanley- / . 4 Si — aaa 
= Page Bombing-Biplane ) o~ SS 
0. = / <i — | SS 
NGS = A Hanley-Page flew from London to Asia Minor: - earey = 
= and dropped bombs on Constantinople. The - —~ a 
=— Hanley-Page has been mentioned almost daily in — 
4 the official war reports. It holds the world’s record ies" 
= for number of passengers, having carried 21 to a 
Je. — height oj 7,180 feet, and for long-distance raids. 
The plfot who made the records is Clifford B. 
Prodger. an American. 
lometer 
ser 
a 
ing Os. 
atories 
= 
Copyright, 1918, by V. & Co. = 
Se. ‘ Ss 
s 
‘om Valspar stands the test ZR 
f War Service— Yj 
E Oo Vv ar 5e ‘vice Sale Z]; 
The conditions of war-flying work havoc with aircraft. Z 
Flights must be made in all weathers. The wear, tear, and strain ZS 
are tremendous. Nothing but the very finest materials can S i 
withstand the constant exposure to heat and cold, rain and wind. SS 
Ce. That is why Valspar is used by the leading builders of airplanes = 
- and seaplanes. = 
RS The marvelous powers of endurance shown by Valspar; its abso- = 
lutely water-proof quality; its resistance to weather, cold, heat, a 
oils, and gasoline, have been tested to the limit. es 
Valspar has successfully fulfilled the most severe requirements A 
of the most arduous war-service. It stands supreme as the most = 
reliable airplane varnish for wood, metal, or fabric. = 
We have made a close study of airplane and seaplane require- = 
= ments, and our Airplane Service Department is ready to give = 
- : —_— 
0 a, the benefit of its experience to any manufacturer. A valuable a i 
United States Army and Navy handbook on this subject will be sent to Purchasing Agents or = 
British Admiralty and Superintendents of Production, on receipt of name. EB ' 
Metal Royal Flying Corps, AA : 
Dutch and Spanish Governments. : : ; ‘ 
Valentine Products used by the world’s leading airplane-makers include: < i 
Valspar Varnish, Valspar Olive-Drab Enamel, Valspar Black Enamel, i 
Valspar Filler (Wood), Valspar Primer (Metal), Valspar Primer (Wood), ; 
Valspar Khaki Enamel, Valspar Aluminum Paint, Dipping, Spraying i 
and Brushing coatings of all kinds, Quick-Drying Insignia Colors. i 
_ j 
VALENTINE & COMPANY, 
a . 
456 Fourth Avenue, New York At 
j Established 1832——Largest Manufacturers of High-grade Varnishes in the World. JA 
—— i i 
New York Chicago sage VAENTHES wank | Oronto London Gq i 
on Boston Amsterdam Z 
rp. oo 
W. P. Futier & Co., San Francisco and Principal Pacific Coast Cities Yj 
’ 
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are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. 
New York Office: Times Bldg. Telephone, Bryant 9159 
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DOEHLER Aeroplane Cylinder Forgings 


BABBI - LIN BRONZE We make a specialty of hollow forging in dies 

rs E A R | N G aS under our “ery presses, aeroplane cylinder forg- 

ings of high and low carbon O.H. or alloy steels. 

We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


in the automobile and airplane industries. Also Propeller Hubs, Flanges and Shafts, ete 
DOEHLER DIE-CASTING Co 





have been used for years with the utmost suc- 
cess by the leading motor manufacturers 


Miscellaneous steam hammer and hy- 





= oo Ve draulic press die forgings of all types. 
eS EE Quick service our specialty ¢ 
TOLEDO.OHIO. NEWARK. N.J. 
Aloe Die-Cast Babbitt Bearings, Die-Castings in TIOGA STEEL & IRON COMPANY 
Brace & Bronse Aluminum and White Maal Aloye Sind & Grays Avenue Philadelphia, Pa., U. S. A. 











FLYING SCHOOL AND AEROPLANE — 14 = 
EQUIPMENT FOR SALE tamping, Welding, Machining 


. ‘HE following property of The Benoist , " . 
Aeroplane Company is hereby offered for Flexible metallic tubing 
sale:—Two 4 passenger flying boats; one 2 

passenger flying boat; 1 military tractor; 1 baby Airplane work a specialty 


tractor in process; one 2 passenger flying boat 
in process ; I Hall-Scott motor; 1 Roberts motor ; 
blue prints, drawings, patterns, patent rights, and 


an assortment of aeroplane parts and accessories. The A. Dewes Company 
Address communications to Perry J. Long, Can- ; 
ton, Ohio. 199 Lafayette Street New York City 























Classified Advertising 


10 cents a word, minimum charge $2.00, payable in advance. Address replies to advertisements with box numbers, 
care of AVIATION AND AERONAUTICAL ENGINEERING, 120 West 82d Street, New York. 








AIRCRAFT WORKERS WANTED—Expert assembly men WANTED—A competent superintendent to take charge of 
wanted for interesting work. Standard Aero Corporation, airplane plant, must have thorough knowledge all depart- 
Elizabeth, N. J. ments. Address Box S87. 











FOR SALE CHEAP—Obsolete aero propellers of all types. 


Standard Aero Corporation, Elizabeth, N BUILD your own airplane, material ready to assemble, sup 


plied as needed, send $.50 for blue print. D. Angeles, East 
Seattle, Wash. 





WANTED—Gas engine mechanic. Must be practical and 
have full knowledge of aero. engines. Address Box 58 











WANTED—Airplane land machine in first class condition, 
WANTED—Airplane rigger. Must be practical and know o- control (stick or dep) for practical instruction in flying. 
general construction of airplanes. Address Box 70. Give full particulars and lowest price for cash. Address Box 46. 
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Bigger Balls—and more of them— 
gve Gurney Bearings greater capacity 


A number of years ago a German Professor named Stribeck pub- 
lished the formula which is commonly used for figuring the permissible 
loads on a ball bearing. 


Stribeck’s formula shows that the capacity varies directly as the 
number of balls used and as the square of the ball diameter, but it re- 
mained for a Yankee—F. W. Gurney—to invent a method of assembling 
bearings that would take full advantage of the laws stated by Stribeck 
and give the world a bearing of the greatest capacity in the smallest size. : 


The Gurney Bearing has more balls or larger balls, or both, than 
other annular bearings. When compared with other annular bearings 
it is found that the load capacity for the Gurney bearings figures out 
from 44% to 75% greater than other bearings of the same size. 





ANTES 


Comparative tests of different types of bearings made by disinter- 
ested parties have proved that these theoretical figures are supported by 
the actual performance of the bearings under load. In aeroplane designs 
this additional load capacity permits savings in weight that are worth 
more than the total cost of the bearing. 


VEL ITT 


PLR TIPS TEES 


Our Engineers will be glad to cooperate with your designers in mak- 
ing such savings on your product. 











GURNEY BALL BEARING Co. 


CONRAD PATENT LICENSEE 


CHICAGO,ILL. ByN ESTOWN,. NY. NEW YORK,N.Y. 
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THE WILLIAMS PRINTING COMPANY, NEW YORE 





















































Travelers 


on the thousand open 
roads to Berlin 


DAYTON - WRIGHT 
AIRPLANES 


DAYTON-WRIGHT AIRPLANE CO. 


Dayton, Ohio. 






































